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Myocarditis, typically manifesting as myopericarditis, is among the serious cardiac consequences 
observed over the course of the COVID-19 pandemic. We performed a comprehensive, 
evidence-based literature synthesis of �ndings from clinical trial data reanalyses, post-marketing 
surveillance, large observational studies, and other diverse research sources that help shed light on 
the phenomenon of myocarditis post SARS-CoV-2 infection versus COVID-19 vaccine-induced 
myocarditis. Our conclusions refute several claims previously made by public health agencies and 
professional associations, namely the following: (1) the Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2) and Omicron infections have caused more cases of myocarditis than the 
COVID-19 mRNA immunizations; (2) mRNA vaccine-induced myocarditis is typically mild, transient, 
and  rare, with no long-term sequelae; and (3) the risk-bene�t calculus favors continued use of these 
products despite evidence of more iatrogenic cases. We address each of these misconceptions by 
applying a combination of epidemiological, clinical, and immunological perspectives. We urge 
governments to remove the COVID-19 mRNA products from the market due to the well-documented 
risk of myocardial damage, a risk that is strongest for younger males (<40 years old).
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.

Disclosure statement 
�e authors declare that they have no competing interests.

References
1. Perkins D, Wilkins R, Kerr R, Greiner B, Hartwell M. Public interest 

in myocarditis during the sars-CoV-2 pandemic. Disaster Med Public 
Health Prep. 2023;17:e349. https://doi.org/10.1017/dmp.2022.307

2. Sularz AK, Hua A, Ismail T. SARS-CoV-2 vaccines and myocarditis. Clin 
Med. 2023;23(5):495-502. https://doi.org/10.7861/clinmed.2023-0049 

3. Liao YF, Tseng WC, Wang JK, Chen YS, Chen CA, Lin MT, et al. 
Management of cardiovascular symptoms a�er P�zer-BioNTech 
COVID-19 vaccine in teenagers in the emergency department. J 
Formos Med Assoc. 2023;122(8):699-706.              .               
.https://doi.org/10.1016/j.jfma.2022.12.004 

4. Rosner CM, Genovese L, Tehrani BN, Atkins M, Bakhshi H, 
Chaudhri S, et al. Myocarditis temporally associated with 
COVID-19 vaccination. Circulation. 2021;144(6):502-505.      .         
https://doi.org/10.1161/CIRCULATIONAHA.121.055891 

5. Caforio AL, Pankuweit S, Arbustini E, Basso C, Gimeno-Blanes J, 
Felix SB, et al. Current state of knowledge on aetiology, diagnosis, 
management, and therapy of myocarditis: a position statement of 
the European Society of Cardiology Working Group on 
Myocardial and Pericardial Diseases. Eur Heart J. 2013;34(33): 
2636-2648. https://doi.org/10.1093/eurheartj/eht210 

6. Berg J, Kottwitz J, Baltensperger N, Kissel CK, Lovrinovic M, 
Mehra T, et al. Cardiac magnetic resonance imaging in 
myocarditis reveals persistent disease activity despite 
normalization of cardiac enzymes and in�ammatory parameters 
at 3-month follow-up. Circ Heart Fail. 2017;10(11):e004262. 
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004262 

7. Lurz P, Eitel I, Klieme B, Luecke C, De Waha S, Desch S, et al. �e 
potential additional diagnostic value of assessing for pericardial 
e�usion on cardiac magnetic resonance imaging in patients with 
suspected myocarditis. Eur Heart J Cardiovasc Imaging. 2014;15 
(6):643-650. https://doi.org/10.1093/ehjci/jet267 

8. Spotts PH, Zhou F. Myocarditis and Pericarditis. Prim Care. 
2023;51(1):111-124. https://doi.org/10.1016/j.pop.2023.07.006 

9. Sagar S, Liu PP, Cooper LT. Myocarditis. Lancet. 2012;379(9817): 
738-747. https://doi.org/10.1016/S0140-6736(11)60648-X 

10. Su JR, McNeil MM, Welsh KJ, Marquez PL, Ng C, Yan M, et al. 
Myopericarditis a�er vaccination, vaccine adverse event reporting 
system (VAERS), 1990–2018. Vaccine. 2021;39(5):839-845. 
https://doi.org/10.1016/j.vaccine.2020.12.046

11. Cosentino M, Marino F. Understanding the pharmacology of 
COVID-19 mRNA vaccines: playing dice with the spike? Int J Mol 
Sci. 2022;23(18):10881. https://doi.org/10.3390/ijms231810881 

12. Fazlollahi A, Zahmatyar M, Noori M, Nejadghaderi SA, Sullman 
MJ, Shekarriz‐Foumani R, et al. Cardiac complications following 
mRNA COVID‐19 vaccines: A systematic review of case reports 
and case series. Rev Med Virol. 2022;32(4):e2318.      .         
https://doi.org/10.1002/rmv.2318 

13. Li YE, Wang S, Reiter RJ, Ren J. Clinical cardiovascular 
emergencies and the cellular basis of COVID-19 vaccination: from 
dream to reality?. Int J Infect Dis. 2022;124:1-10.      .         
https://doi.org/10.1016/j.ijid.2022.08.026 

14. Karlstad Ø, Hovi P, Husby A, Härkänen T, Selmer RM, Pihlström 
N, et al. SARS-CoV-2 vaccination and myocarditis in a Nordic 
cohort study of 23 million residents. JAMA Cardiol.  2022;7(6): 
600-612. https://doi.org/10.1001/jamacardio.2022.0583

15. Gao J, Feng L, Li Y, Lowe S, Guo Z, Bentley R, et al. A systematic 
review and meta-analysis of the association between SARS-CoV-2 
vaccination and myocarditis or pericarditis. Am J Prev Med. 
2023;64(2):275-284. https://doi.org/10.1016/j.amepre.2022.09.002

16. Yasmin F, Najeeb H, Naeem U, Moeed A, Atif AR, Asghar MS, et 
al. Adverse events following COVID‐19 mRNA vaccines: A 
systematic review of cardiovascular complication, thrombosis, and 
thrombocytopenia. Immun In�amm Dis. 2023;11(3):e807. 
https://doi.org/10.1002/iid3.807 

17. Ilonze OJ, Guglin ME. Myocarditis following COVID-19 
vaccination in adolescents and adults: a cumulative experience of 
2021. Heart Fail Rev. 2022;27(6):2033-2043.                 .         
https://doi.org/10.1007/s10741-022-10243-9

18. Costa C, Moniati F. �e Epidemiology of COVID‐19 
Vaccine‐Induced Myocarditis. Adv Med. 2024;2024(1):4470326. 
https://doi.org/10.1155/2024/4470326 

19. Jung SW, Jeon JJ, Kim YH, Choe SJ, Lee S. Long-term risk of 
autoimmune diseases a�er mRNA-based SARS-CoV2 vaccination in 
a Korean, nationwide, population-based cohort study. Nat Commun. 
2024;15(1):6181. https://doi.org/10.1038/s41467-024-50656-8 

20. Yun C, Lee Y, Heo SJ, Kim N, Jung I. �e impact of COVID-19 status 
and vaccine type following the �rst dose on acute heart disease: A 

nationwide retrospective cohort study in South Korea. Epidemiol 
Infect. 2024;152:e134. https://doi.org/10.1017/S0950268824001213

21. Montgomery J, Ryan M, Engler R, Ho�man D, McClenathan B, 
Collins L, et al. Myocarditis Following Immunization With mRNA 
COVID-19 Vaccines in Members of the US Military. JAMA Cardiol. 
2021;6(10):1202-1206. http://doi.org/10.1001/jamacardio.2021.2833 

22. Puntmann VO, Carerj ML, Wieters I, Fahim M, Arendt C, 
Ho�mann J, et al. Outcomes of Cardiovascular Magnetic Resonance 
Imaging in Patients Recently Recovered From Coronavirus Disease 
2019 (COVID-19). JAMA Cardiol. 2020;5(11):1265-1273. 
http://doi.org/10.1001/jamacardio.2020.3557 

23. Tersalvi G, Vicenzi M, Calabretta D, Biasco L, Pedrazzini G, 
Winterton D. Elevated Troponin in Patients With Coronavirus 
Disease 2019: Possible Mechanisms. J Card Fail. 2020;26(6): 
470-475. https://doi.org/10.1016/j.cardfail.2020.04.009 

24. Nascimento JH, Gomes BF, Oliveira GM. Cardiac troponin as a 
predictor of myocardial injury and mortality from COVID-19. Arq 
Bras Cardiol. 2020;115:667-668. https://doi.org/10.36660/abc.20200862 

25. Ucar FM, Ozturk C, Yılmaztepe MA. Evaluation of Tp-e interval, 
Tp-e/QT ratio and Tp-e/QTc ratio in patients with acute 
myocarditis. BMC Cardiovasc Disord. 2019;19(1):232.      .         
https://doi.org/10.1186/s12872-019-1207-z 

26. Pillay J, Gaudet L, Wingert A, Bialy L, Mackie AS, Paterson DI, et 
al. Incidence, risk factors, natural history, and hypothesised 
mechanisms of myocarditis and pericarditis following covid-19 
vaccination: living evidence syntheses and review. BMJ. 
2022;378:e069445. https://doi.org/10.1136/bmj-2021-069445 

27. Chapin-Bardales J, Myers T, Gee J, Shay DK, Marquez P, Baggs J, et al. 
Reactogenicity within 2 weeks a�er mRNA COVID-19 vaccines: 
Findings from the CDC v-safe surveillance system. Vaccine. 
2021;39(48):7066-7073. https://doi.org/10.1016/j.vaccine.2021.10.019 

28. Cumulative and Interval Summary Tabulation of Serious and Non-Serious 
Adverse Reactions from Post-Marketing Data Sources. P�zer. 2022:1-393. 
https://www.globalresearch.ca/wp-content/uploads/2023/05/p�zer-report.pdf 

29. Comirnaty. European Medicines Agency . Amsterdam, �e 
Netherlands. 2023. Available on:                     .         
https://www.ema.europa.eu/en/medicines/human/EPAR/comirnaty 

30. Making medicines and medical devices safer. Yellow Card. 2024. 
Available on: https://yellowcard.mhra.gov.uk/information 

31. Yan MM, Zhao H, Li ZR, Chow JW, Zhang Q, Qi YP, et al. Serious 
adverse reaction associated with the COVID-19 vaccines of 
BNT162b2, Ad26. COV2. S, and mRNA-1273: gaining insight 
through the VAERS. Front Pharmacol. 2022;13:921760. 
https://doi.org/10.3389/fphar.2022.921760 

32. Shabu A, Nishtala PS. Analysis of the adverse events following the 
mRNA-1273 COVID-19 vaccine. Expert Rev Vaccines. 2023; 
22(1):801-812. https://doi.org/10.1080/14760584.2023.2260477 

33. Glover C, Deng L, Larter C, Brogan C, Richardson O, Huang YA, 
et al. Surveillance of adverse events following immunisation in 
Australia, COVID-19 vaccines, 2021. Commun Dis Intell. 
2024;48:38926650. https://doi.org/10.33321/cdi.2024.48.2 

34. Kim DH, Kim JH, Oh IS, Choe YJ, Choe SA, Shin JY. Adverse 
Events Following COVID-19 Vaccination in Adolescents: Insights 
from Pharmacovigilance Study of VigiBase. J Korean Med Sci. 
2024;39(8):e76. https://doi.org/10.3346/jkms.2024.39.e76 

35. Montano D. Frequency and Associations of Adverse Reactions of 
COVID-19 Vaccines Reported to Pharmacovigilance Systems in 
the European Union and the United States. Front Public Health. 
2022;9:756633. https://doi.org/10.3389/fpubh.2021.756633

36. Vidal-Perez R, Brandão M, Pazdernik M, Kresoja KP, Carpenito 
M, Maeda S, et al. Cardiovascular disease and COVID-19, a deadly 
combination: A review about direct and indirect impact of a 
pandemic. World J Clin Cases. 2022;10(27):9556-9572.       .        
https://doi.org/10.12998/wjcc.v10.i27.9556 

37. Faksova K, Walsh D, Jiang Y, Gri�n J, Phillips A, Gentile A, et al. 
COVID-19 vaccines and adverse events of special interest: A 
multinational Global Vaccine Data Network (GVDN) cohort 

study of 99 million vaccinated individuals. Vaccine. 2024;42(9): 
2200-2211. https://doi.org/10.1016/j.vaccine.2024.01.100

38. COVID-19 VaST Work Group Report – May 17, 2021. National Center for 
Immunization and Respiratory Diseases. 2021. Available on: 
https://archive.cdc.gov/www_cdc_gov/vaccines/acip/work-groups-vast/r
eport-2021-05-17.html

39. Gargano JW, Wallace M, Hadler SC, Langley G, Su JR, Oster ME, 
et al. Use of mRNA COVID-19 Vaccine A�er Reports of 
Myocarditis Among Vaccine Recipients: Update from the 
Advisory Committee on Immunization Practices - United States, 
June 2021. MMWR Morb Mortal Wkly Rep. 2021;70(27):977-982. 
http://dx.doi.org/10.15585/mmwr.mm7027e2

40. Sun CLF, Ja�e E, Levi R. Increased emergency cardiovascular 
events among under-40 population in Israel during vaccine rollout 
and third COVID-19 wave. Sci Rep. 2022;12(1):6978. 
https://doi.org/10.1038/s41598-022-10928-z

41. Klein NP, Lewis N, Goddard K, Fireman B, Zerbo O, Hanson KE, et al. 
Surveillance for adverse events a�er COVID-19 mRNA vaccination. Jama. 
2021;326(14):1390-1399. http://dx.doi.org/10.1001/jama.2021.15072 

42. Hu M, Wong HL, Feng Y, Lloyd PC, Smith ER, Amend KL, et al. 
Safety of the BNT162b2 COVID-19 Vaccine in Children Aged 5 to 
17 Years. JAMA Pediatr. 2023;177(7):710-717.                  .         
http://dx.doi.org/10.1001/jamapediatrics.2023.1440 

43. Weiss SR. Myocarditis Cases A�er mRNA-Based COVID-19 
Vaccination in the US. JAMA. 2022;327(20):2019-2020.      .         
http://dx.doi.org/10.1001/jama.2022.5131

44. Old�eld PR, Gutschi M, McCullough PA, Speicher DJ. BioNTech’s 
COVID-19 modRNA Vaccines: Dangerous genetic mechanism of 
action released before su�cient preclinical testing. Journal of 
American Physicians and Surgeons. 2024;29(4):118-126.

45. Wiseman D, Guetzkow J, Seligmann H, Franzcog F. Booster Doses 
for P�zer-BioNtech Vaccine. Vaccines and Related Biological 
Products Advisory Committee. 2021. Available on: 
�le:///C:/Users/ADMIN/Downloads/FDA-2021-N-0965-0016_att
achment_1%20(1).pdf 

46. Hromić-Jahjefendić A, Sezer A, Aljabali AAA, Serrano-Aroca Á, 
Tambuwala MM, Uversky VN, et al. COVID-19 Vaccines and 
Myocarditis: An Overview of Current Evidence. Biomedicines. 
2023;11(5):1469. https://doi.org/10.3390/biomedicines11051469 

47. Rose J, Hulscher N, McCullough PA. Determinants of COVID-19 
vaccine-induced myocarditis. �er Adv Drug Saf. 2024;15: 
20420986241226566. https://doi.org/10.1177/20420986241226566 

48. Lee CW, Sa S, Hong M, Kim J, Shim SR, Han HW. Adverse Events 
and Safety Pro�le of the COVID-19 Vaccines in Adolescents: Safety 
Monitoring for Adverse Events Using Real-World Data. Vaccines. 
2022;10(5):744. https://doi.org/10.3390/vaccines10050744 

49. Jeon H-E, Lee S, Lee J, Roh G, Park H-J, Lee Y-S, et al. SARS-CoV2 
mRNA vaccine intravenous administration induces myocarditis in 
chronic in�ammation. PLoS ONE. 2024; 19(10): e0311726. 
https://doi.org/10.1371/journal.pone.0311726 

50. Awaya T, Hara H, Moroi M. Cytokine Storms and Anaphylaxis 
Following COVID-19 mRNA-LNP Vaccination: Mechanisms and 
�erapeutic Approaches. Diseases. 2024;12(10):231.      .         
https://doi.org/10.3390/diseases12100231 

51. Kosto� RN, Kanduc D, Porter AL, Shoenfeld Y, Calina D, Briggs 
MB, et al. Vaccine- and natural infection-induced mechanisms 
that could modulate vaccine safety. Toxicol Rep. 2020;7: 
1448-1458. https://doi.org/10.1016/j.toxrep.2020.10.016 

52. Diaconu R, Mirea O, Bălşeanu TA. Testosterone, cardiomyopathies, 
and heart failure: a narrative review. Asian J Androl. 
2021;23(4):348-356. https://doi.org/10.4103/aja.aja_80_20 

53. Miličić Stanić B, Maddox S, de Souza AMA, Wu X, Mehranfard D, 
Ji H, et al. Male bias in ACE2 basic science research: missed 
opportunity for discovery in the time of COVID-19. Am J Physiol 
Regul Integr Comp Physiol. 2021;320(6):R925-R937.      .         
https://doi.org/10.1152/ajpregu.00356.2020 

54. Fairweather D, Beetler DJ, Musigk N, Heidecker B, Lyle MA, 

Cooper LT Jr, et al. Sex and gender di�erences in myocarditis and 
dilated cardiomyopathy: An update. Front Cardiovasc Med. 
2023;10:1129348. https://doi.org/10.3389/fcvm.2023.1129348

55. Waqar A, Jain A, Joseph C, Srivastava K, Ochuba O, Alkayyali T, et 
al. Cardioprotective Role of Estrogen in Takotsubo Cardiomyopathy. 
Cureus. 2022;14(3):e22845. https://doi.org/10.7759/cureus.22845 

56. Akhtar SM, Gazzaz ZJ, Baig M, Majeed R, Hashmi AA. 
Association Between P�zer COVID-19 Vaccine Adverse E�ects 
and Diabetes Mellitus: A Prospective Multicenter Study. Cureus. 
2023;15(11):e48263. https://doi.org/10.7759/cureus.48263

57. Sutardi AQI, Ramatillah DL. Evaluation comparison between 
Sinovac and P�zer vaccine among indonesian children and 
teenagers under 18 years old. Int J Appl Pharm. 2022;14(2):22–30. 
https://dx.doi.org/10.22159/ijap.2022.v14s2.44745 

58. Piernas C, Patone M, Astbury NM, Gao M, Sheikh A, Khunti K, et al. 
Associations of BMI with COVID-19 vaccine uptake, vaccine 
e�ectiveness, and risk of severe COVID-19 outcomes a�er vaccination in 
England: a population-based cohort study. Lancet Diabetes Endocrinol. 
2022;10(8):571-580. https://doi.org/10.1016/S2213-8587(22)00158-9 

59. Ouaddouh C, Duijster JW, Lieber T, van Hunsel FP. �e role of 
co-morbidities in the development of an AEFI a�er COVID-19 
vaccination in a large prospective cohort with patient-reported 
outcomes in the Netherlands. Expert Opin Drug Saf. 2024;23 
(3):323-331. https://doi.org/10.1080/14740338.2023.2267971 

60. Bianchi FP, Rizzi D, Daleno A, Stefanizzi P, Migliore G, Tafuri S. 
Assessing the temporal and cause-e�ect relationship between 
myocarditis and mRNA COVID-19 vaccines. A retrospective 
observational study. Int J Infect Dis. 2024;141:106960.       .        
https://doi.org/10.1016/j.ijid.2024.02.003 

61. John NA, John J, Kamble P, Singhal A, Daulatabad V, Vamshidhar 
IS. COVID 19 vaccine in patients of hypercoagulable disorders: a 
clinical perspective. Horm Mol Biol Clin Investig. 
2021;43(1):89-96. https://doi.org/10.1515/hmbci-2021-0037 

62. Heil M. Self-DNA driven in�ammation in COVID-19 and a�er 
mRNA-based vaccination: lessons for non- COVID-19 
pathologies. Front Immunol. 2024;14:1259879.      .         
https://doi.org/10.3389/�mmu.2023.1259879 

63. Wu B, Ni H, Li J, Zhuang X, Zhang J, Qi Z, et al. �e Impact of 
Circulating Mitochondrial DNA on Cardiomyocyte Apoptosis and 
Myocardial Injury A�er TLR4 Activation in Experimental 
Autoimmune Myocarditis. Cell Physiol Biochem. 2017;42(2): 
713-728. https://doi.org/10.1159/000477889

64. Ittiwut C, Mahasirimongkol S, Srisont S, Ittiwut R, Chockjamsai 
M, Durongkadech P, et al. Genetic basis of sudden death a�er 
COVID-19 vaccination in �ailand. Heart Rhythm. 2022; 19: 
1874-1879. https://doi.org/10.1016/j.hrthm.2022.07.019 

65. She CH, Tsang HW, Yang X, Tsao SS, Tang CS, Chan SH, et al. 
Genome- wide association study of BNT162b2 vaccine-related 
myocarditis identi�es potential predisposing functional areas in 
Hong Kong adolescents. BMC Genom Data. 2024;25(1):51. 
https://doi.org/10.1186/s12863-024-01238-6 

66. Chen DP, Wen YH, Lin WT, Hsu FP. Association between the side 
e�ect induced by COVID-19 vaccines and the immune regulatory 
gene polymorphism. Front Immunol. 2022;13:941497. 
https://doi.org/10.3389/�mmu.2022.941497 

67. Bolze A, Mogensen TH, Zhang SY, Abel L, Andreakos E, Arkin LM, 
et al. Decoding the Human Genetic and Immunological Basis of 
COVID-19 mRNA Vaccine-Induced Myocarditis. J Clin Immunol. 
2022;42(7):1354-1359. https://doi.org/10.1007/s10875-022-01372-9

68. Patone M, Mei XW, Handunnetthi L, Dixon S, Zaccardi F, Shankar-Hari M, 
et al. Risk of myocarditis a�er sequential doses of COVID-19 vaccine and 
SARS-CoV-2 infection by age and sex. Circulation. 2022;146(10):743-754. 
https://doi.org/10.1161/CIRCULATIONAHA.122.059970

69. Buchan SA, Seo CY, Johnson C, Alley S, Kwong JC, Nasreen S, et al. 
Epidemiology of myocarditis and pericarditis following mRNA 
vaccination by vaccine product, schedule, and interdose interval among 
adolescents and adults in Ontario, Canada. JAMA Netw Open. 2022; 

5(6):e2218505. https://doi.org/10.1001/jamanetworkopen.2022.18505
70. Shar� KA, Dancoes DM, Longueil JL, Johnson ES, Lewis PF. Risk 

of myopericarditis following COVID‐19 mRNA vaccination in a 
large integrated health system: a comparison of completeness and 
timeliness of two methods. Pharmacoepidemiol Drug Saf. 
2022;31(8):921-925. https://doi.org/10.1002/pds.5439 

71. Stowe J, Miller E, Andrews N, Whitaker HJ. Risk of myocarditis and 
pericarditis a�er a COVID-19 mRNA vaccine booster and a�er 
COVID-19 in those with and without prior SARS-CoV-2 infection: 
A self-controlled case series analysis in England. PLoS Med. 2023; 
20(6):e1004245. https://doi.org/10.1371/journal.pmed.1004245

72. Li X, Lai FT, Chua GT, Kwan MY, Lau YL, Ip P, et al. Myocarditis 
following COVID-19 BNT162b2 vaccination among adolescents 
in Hong Kong. JAMA Pediatr. 2022;176(6):612-614. 
https://doi.org/10.1001/jamapediatrics.2022.0101

73. Chua GT, Kwan MYW, Chui CSL, Smith RD, Cheung ECL, Ma T, 
et al. Epidemiology of Acute Myocarditis/Pericarditis in Hong 
Kong Adolescents Following Comirnaty Vaccination. Clin Infect 
Dis. 2022;75(4):673-681. https://doi.org/10.1093/cid/ciab989 

74. Krug A, Stevenson J, Høeg TB. BNT162b2 Vaccine-Associated 
Myo/Pericarditis in Adolescents: A Strati�ed Risk-Bene�t Analysis. Eur 
J Clin Invest. 2022;52(5):e13759.    https://doi.org/10.1111/eci.13759 

75. Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, et al. 
Myocarditis a�er Covid-19 Vaccination in a Large Health Care 
Organization. N Engl J Med. 2021;385(23):2132-2139.       .  
https://doi.org/10.1056/NEJMoa2110737

76. Nygaard U, Holm M, Bohnstedt C, Chai Q, Schmidt LS, Hartling UB, 
et al. Population- based Incidence of Myopericarditis A�er COVID-19 
Vaccination in Danish Adolescents. Pediatr Infect Dis J. 
2022;41(1):e25-e28. https://doi.org/10.1097/INF.0000000000003389 

77. Mevorach D, Anis E, Cedar N, Bromberg M, Haas EJ, Nadir E, et 
al. Myocarditis a�er BNT162b2 mRNA vaccine against Covid-19 
in Israel. N Engl J Med. 2021;385(23):2140-2149.      .         
https://doi.org/10.1056/NEJMoa2109730

78. Foltran D, Delmas C, Flumian C, De Paoli P, Salvo F, Gautier S, et al. 
Myocarditis and pericarditis in adolescents a�er �rst and second doses 
of mRNA COVID-19 vaccines. Eur Heart J Qual Care Clin Outcomes. 
2022;8(2):99-103. https://doi.org/10.1093/ehjqcco/qcab090

79. Munro APS, Feng S, Janani L, Cornelius V, Aley PK, Babbage G, et al.; 
COV-BOOST study group. Safety, immunogenicity, and reactogenicity of 
BNT162b2 and mRNA-1273 COVID-19 vaccines given as fourth-dose 
boosters following two doses of ChAdOx1 nCoV-19 or BNT162b2 and a 
third dose of BNT162b2 (COV-BOOST): a multicentre, blinded, phase 2, 
randomised trial. Lancet Infect Dis. 2022;22(8):1131-1141. 
https://doi.org/10.1016/S1473-3099(22)00271-7

80. Uversky VN, Redwan EM, Makis W, Rubio-Casillas A. IgG4 
Antibodies Induced by Repeated Vaccination May Generate 
Immune Tolerance to the SARS-CoV-2 Spike Protein. Vaccines. 
2023;11(5):991. https://doi.org/10.3390/vaccines11050991 

81. Irrgang P, Gerling J, Kocher K, Lapuente D, Steininger P, Habenicht K, et 
al. Class switch toward nonin�ammatory, spike- speci�c IgG4 antibodies 
a�er repeated SARS-CoV-2 mRNA vaccination. Sci Immunol. 
2023;8(79):eade2798. https://doi.org/10.1126/sciimmunol.ade2798

82. Collier JL, Weiss SA, Pauken KE, Sen DR, Sharpe AH. 
Not-so-opposite ends of the spectrum: CD8+ T cell dysfunction 
across chronic infection, cancer and autoimmunity. Nat Immunol. 
2021;22(7):809-819. https://doi.org/10.1038/s41590-021-00949-7 

83. Liu J, Wang J, Xu J, Xia H, Wang Y, Zhang C, et al. Comprehensive 
investigations revealed consistent pathophysiological alterations 
a�er vaccination with COVID-19 vaccines. Cell Discov. 
2021;7(1):99. https://doi.org/10.1038/s41421-021-00329-3 

84. Ouranidis A, Vavilis T, Mandala E, Davidopoulou C, Stamoula E, 
Markopoulou CK, et al. mRNA �erapeutic Modalities Design, 
Formulation and Manufacturing under Pharma 4.0 Principles. Biomed. 
2021;10(1):50. https://doi.org/10.3390/biomedicines10010050 

85. Milano G, Gal J, Creisson A, Chamorey E. Myocarditis and COVID-19 
mRNA vaccines: a mechanistic hypothesis involving dsRNA. Future 

Virol. 2022;17(3):191-196. https://doi.org/10.2217/fvl-2021-0280 
86. Bourdon PS, Duriseti R, Gromoll HC, Dalton DK, Bardosh K, Krug 

AE. A Reanalysis of the FDA's Bene�t-Risk Assessment of Moderna's 
mRNA-1273 COVID Vaccine: For 18-25-Year-Old Males, Risks 
Exceeded Bene�ts Relative to Hospitalizations. arXiv preprint 
arXiv:2410.11811. 2024. https://doi.org/10.48550/arXiv.2410.11811 

87. Tan LJ, Koh CP, Lai SK, Poh WC, Othman MS, Hussin H. A 
systemic review and recommendation for an autopsy approach to 
death followed the COVID 19 vaccination. Forensic Sci Int. 
2022;340:111469. https://doi.org/10.1016/j.forsciint.2022.111469  

88. Foltran D, Sokolski M. Myocarditis Associated with COVID-19 Vaccination. 
Vaccines. 2024;12(10):1193. https://doi.org/10.3390/vaccines12101193 

89. Tinari S. �e EMA COVID-19 data leak, and what it tells us about mRNA 
instability. BMJ. 2021;372:n627. https://doi.org/10.1136/bmj.n627 

90. COVID-19 Vaccine Moderna. Committee for Medicinal Products 
for Human Use. European Medicines Agency. 2021. 
https://www.ema.europa.eu/en/documents/assessment-report/spi
kevax-previously-covid-19-vaccine-moderna-epar-public-assess
ment-report_en.pdf 

91. Comirnaty (COVID-19 mRNA Vaccine). European Medicines Agency. 2024:1-5. 
https://www.ema.europa.eu/en/documents/overview/comirnaty-epar-medicine-ov
erview_en.pdf 

92. Rosa SS, Prazeres DM, Azevedo AM, Marques MP. mRNA vaccines 
manufacturing: Challenges and bottlenecks. Vaccine. 2021;39 
(16):2190-2200. https://doi.org/10.1016/j.vaccine.2021.03.038 

93. Luo D, Wu Z, Wang D, Zhang J, Shao F, Wang S, et al. Lateral �ow 
immunoassay for rapid and sensitive detection of dsRNA contaminants 
in in vitro-transcribed mRNA products. Mol �er Nucleic Acids. 
2023;32:445-453. https://doi.org/10.1016/j.omtn.2023.04.005

94. Sene� S, Nigh G, Kyriakopoulos AM, McCullough PA. Innate 
immune suppression by SARS-CoV-2 mRNA vaccinations: �e role 
of G-quadruplexes, exosomes, and MicroRNAs. Food Chem 
Toxicol. 2022 ;164:113008. https://doi.org/10.1016/j.fct.2022.113008 

95. Li C, Lee A, Grigoryan L, Arunachalam PS, Scott MK, Trisal M, et 
al. Mechanisms of innate and adaptive immunity to the 
P�zer-BioNTech BNT162b2 vaccine. Nat Immunol. 
2022;23(4):543-555. https://doi.org/10.1038/s41590-022-01163-9  

96. Yu YB, Taraban MB, Briggs KT. All vials are not the same: potential 
role of vaccine quality in vaccine adverse reactions. Vaccine. 
2021;39(45):6565-6569. https://doi.org/10.1016/j.vaccine.2021.09.065 

97. Schmeling M, Manniche V, Hansen PR. Batch-dependent safety of 
the BNT162b2 mRNA COVID-19 vaccine. Eur J Clin Invest. 
2023;53(8):e13998. https://doi.org/10.1111/eci.13998 

98. Speicher DJ, Rose J, Gutschi LM, McKernan K. DNA fragments 
detected in monovalent and bivalent P�zer/BioNTech and 
Moderna modRNA COVID-19 vaccines from Ontario, Canada: 
Exploratory dose response relationship with serious adverse 
events. 2023. https://doi.org/10.31219/osf.io/mjc97

99. McKernan K, Helbert Y, Kane LT, McLaughlin S. Sequencing of 
bivalent Moderna and P�zer mRNA vaccines reveals nanogram to 
microgram quantities of expression vector dsDNA per dose. 2023. 
https://doi.org/10.31219/osf.io/b9t7 

100. Classen B. US COVID-19 vaccines proven to cause more harm 
than good based on pivotal clinical trial data analyzed using the 
proper scienti�c endpoint,“all cause severe morbidity”. Trends Int 
Med. 2021; 1 (1): 1-6. Available at:                        .         
https://healthyandfree.us/wp-content/uploads/2022/01/U.S.-Covi
d-19-Jabs-Proven-to-Cause-More-Harm-than-Good.pdf

101. Mead MN, Sene� S, Wol�nger R, Rose J, Denhaerynck K, Kirsch S, 
et al. COVID-19 modi�ed mRNA “vaccines”: Lessons learned 
from clinical trials, mass vaccination, and the bio-pharmaceutical 
complex, Part 1.  Int. J. Vaccine �eory Pract. Res. 2024;3(2):1112- 
1178. https://doi.org/10.56098/fdrasy50 

102. Benn CS, Schaltz-Buchholzer F, Nielsen S, Netea MG, Aaby P. 
Randomized clinical trials of COVID-19 vaccines: Do 
adenovirus-vector vaccines have bene�cial non-speci�c e�ects? 
Iscience. 2023;26(5):106733. https://doi.org/10.1016/j.isci.2023.106733 

103. Fraiman J, Erviti J, Jones M, Greenland S, Whelan P, Kaplan RM, et al. 
Serious adverse events of special interest following mRNA COVID-19 
vaccination in randomized trials in adults. Vaccine. 2022; 
40(40):5798-5805. https://doi.org/10.1016/j.vaccine.2022.08.036

104. Michels C, Perrier D, Kunadhasan J, Clark E, Gehrett J, Gehrett B, et 
al. Forensic analysis of the 38 subject deaths in the 6-month interim 
report of the P�zer/BioNTech BNT162b2 mRNA vaccine clinical 
trial. 2023:1-20. https://doi.org/10.20944/preprints202309.0131.v1 

105. Bergman F. P�zer caught hiding sudden deaths during Covid 
‘Vaccine’ trials. Substack. Dr. William Makis. 2024. Available at: 
https://substack.com/home/post/p-153921294

106. �omas SJ, Moreira Jr ED, Kitchin N, Absalon J, Gurtman A, 
Lockhart S, et al. Safety and e�cacy of the BNT162b2 mRNA 
Covid-19 vaccine through 6 months. N Engl J Med. 2021;385(19): 
1761-1773. https://doi.org/10.1056/NEJMoa2110345 

107. P�zer. Summary of clinical safety. New York, NY. 2021.Available at: 
https://phmpt.org/wp-content/uploads/2021/12/STN-125742_0_0
-Section-2.7.4-summary-clin-safety.pdf

108. P�zer. Periodic safety update report #3 for active substance: 
COVID-19 modmRNA vaccine, BNT162b2. BioNTech 
Manufacturing GmbH, Mainz, Germany. 2022. Available at: 
https://tkp.at/wp-content/uploads/2023/03/3.PSUR-1.pdf

109. Horowitz D. Con�dential P�zer document shows the company 
observed 1.6 million adverse events covering nearly every organ 
system. 2023. Available at:                        .         
https://www.globalresearch.ca/con�dential-p�zer-document-sho
ws-company-observed-1-6-million-adverse-events-covering-near
ly-every-organ-system/5823115

110. �e WarRoom DailyClout P�zer Documents Analysts. �e P�zer 
Papers: P�zer’s Crimes against Humanity. 2024:35.

111. P�zer. Pharmacovigilance Plan for Biologic License Application 
#125742 Of Covid-19 mRNA vaccine (nucleoside modi�ed) 
(BNT162b2, PF-07302048). Available at:        .         
https://phmpt.org/wp-content/uploads/2023/01/125742_S21_M1
_pharmacovigilance-plan.pdf 

112. Gehrett B, Gehrett J, Flowers C, Britt L. Report 53: 77% of 
Cardiovascular Adverse Events from P�zer’s mRNA COVID Shot 
Occurred in Women, as Well as in People Under Age 65. Two 
Minors Su�ered Cardiac Events. 2024:35. Available at: 
https://dailyclout.io/report-53-cardiovascular-adverse-events/  

113. Kuhbandner C, Reitzner M. Estimation of excess mortality in 
Germany during 2020-2022. Cureus. 2023;15(5): e39371. 
https://doi.org/10.7759/cureus.39371 

114. Aarstad J, Kvitastein OA. Is there a link between the 2021 
COVID-19 vaccination uptake in Europe and 2022 excess 
all-cause mortality? Asian Pac J Health Sci. 2023;10(1):25-31. 
http://dx.doi.org/10.21276/apjhs.2023.10.1.6 

115. Economidou EC, Soteriades ES. Excess mortality in Cyprus during 
the COVID-19 vaccination campaign. Vaccine. 2024;42(15):3375- 
3376. https://doi.org/10.1016/j.vaccine.2023.11.028

116. Raknes G, Fagerås SJ, Sveen KA, Júlíusson PB, Strøm MS. Excess 
non-COVID-19 mortality in Norway 2020–2022. BMC Public 
Health. 2024;24(1):244. https://doi.org/10.1186/s12889-023-17515-5

117. Mostert S, Hoogland M, Huibers M, Kaspers G. Excess mortality 
across countries in the Western World since the COVID-19 
pandemic: ‘Our World in Data’estimates of January 2020 to 
December 2022. BMJ Public Health. 2024;2(1). 
https://doi.org/10.1136/bmjph-2023-000282 

118. Mansanguan S, Charunwatthana P, Piyaphanee W, Dechkhajorn W, 
Poolcharoen A, Mansanguan C. Cardiovascular manifestation of the 
BNT162b2 mRNA COVID-19 vaccine in adolescents. Trop Med 
Infect Dis. 2022;7(8):196. https://doi.org/10.3390/tropicalmed7080196

119. Su WJ, Liu YL, Chang CH, Lin YC, Huang WI, Wu LC, et al. Risk of 
myocarditis and pericarditis following coronavirus disease 2019 
messenger RNA vaccination—a nationwide study. J Microbiol Immunol 
Infect. 2023;56(3):558-565. https://doi.org/10.1016/j.jmii.2023.01.016

120. Bozkurt B, Kamat I, Hotez PJ. Myocarditis with COVID-19 mRNA 

vaccines. Circulation. 2021;144(6):471-484.           .        
https://doi.org/10.1161/CIRCULATIONAHA.121.056135 

121. Chiu SN, Chen YS, Hsu CC, Hua YC, Tseng WC, Lu CW, et al. 
Changes of ECG parameters a�er BNT162b2 vaccine in the senior 
high school students. Eur J Pediatr. 2023;182(3):1155-1162. 
https://doi.org/10.1007/s00431-022-04786-0 

122. Buergin N, Lopez‐Ayala P, Hirsiger JR, Mueller P, Median D, Glarner 
N, et al. Sex‐speci�c di�erences in myocardial injury incidence a�er 
COVID‐19 mRNA‐1273 booster vaccination. Eur J Heart Fail. 
2023;25(10):1871-1881. https://doi.org/10.1002/ejhf.2978

123. Goyal M, Ray I, Mascarenhas D, Kunal S, Sachdeva RA, Ish P. 
Myocarditis post-SARS-CoV-2 vaccination: a systematic review. 
QJM. 2023;116(1):7-25. https://doi.org/10.1093/qjmed/hcac064

124. Schwab C, Domke LM, Hartmann L, Stenzinger A, Longerich T, 
Schirmacher P. Autopsy-based histopathological characterization of 
myocarditis a�er anti-SARS-CoV-2-vaccination. Clin Res Cardiol. 
2023;112(3):431-440. https://doi.org/10.1007/s00392-022-02129-5

125. Hulscher N, Alexander PE, Amerling R, Gessling H, Hodkinson R, 
Makis W, et al. A systematic review of autopsy �ndings in deaths 
a�er COVID-19 vaccination. Forensic Sci Int. 2024:112115. 
https://doi.org/10.1016/j.forsciint.2024.112115

126. Hulscher N, Hodkinson R, Makis W, McCullough PA. Autopsy 
�ndings in cases of fatal COVID‐19 vaccine‐induced myocarditis. 
ESC heart failure. 2024. https://doi.org/10.1002/ehf2.14680 

127. Liberale L, Badimon L, Montecucco F, Lüscher TF, Libby P, Camici 
GG. In�ammation, aging, and cardiovascular disease: JACC 
review topic of the week. J Am Coll Cardiol. 2022;79(8):837-847. 
https://doi.org/10.1016/j.jacc.2021.12.017 

128. Blaylock RL. COVID UPDATE: What is the truth? Surg Neurol 
Int. 2022;13:167. https://doi.org/10.25259/SNI_150_2022

129. Larson KF, Ammirati E, Adler ED, Cooper Jr LT, Hong KN, 
Saponara G, et al. Myocarditis a�er BNT162b2 and mRNA-1273 
vaccination. Circulation. 2021;144(6):506-508.             .         
https://doi.org/10.1161/CIRCULATIONAHA.121.055913 

130. Engler RJ, Montgomery JR, Spooner CE, Nelson MR, Collins LC, 
Ryan MA, et al. Myocarditis and pericarditis recovery following 
smallpox vaccine 2002–2016: A comparative observational cohort 
study in the military health system. PloS one. 2023;18(5): 
e0283988. https://doi.org/10.1371/journal.pone.0283988

131. Grabenstein JD, Winkenwerder Jr W. US military smallpox 
vaccination program experience. Jama. 2003;289(24):3278-3282. 
https://doi.org/10.1001/jama.289.24.3278

132. Military Community Demographics, 2021.                   .        
https://www.militar yonesource.mil/data-research-and- 
statistics/military-community-demographics/ 

133. Deputy Secretary of Defense. Mandatory coronavirus disease 2019 
vaccination of DoD civilian employees. 2021.            .    
https://media.defense.gov/2021/Oct/04/2002867430/-1/-1/0/MA
NDATORY-CORONAVIRUS-DISEASE-2019-VACCINATION-
OF-DOD-CIVILIAN-EMPLOYEES-OSD008990-21-RESP-FINA
L.PDF

134. Romero E, Fry S, Hooker B. Safety of mRNA vaccines administered 
during the �rst twenty-four months of the International COVID-19 
vaccination program. Int J Vaccine �eory Pract Res. 
2023;3(1):891-910. https://doi.org/10.56098/ijvtpr.v3i1.70

135. Hurley P, Krohn M, LaSala T, Leavitt R, MacDonald CS, Nolan P, Rulis S, 
Sawyer M. Group Life COVID-19 Mortality Survey Report. Society of 
Actuaries Research Institute, Schaumburg, Illinois. 2023. Available at  
https://www.soa.org/resources/experience-studies/2023/group-life-covid-
mort-06-23/

136. Dowd E. " Cause Unknown": �e Epidemic of Sudden Deaths in 
2021 & 2022. Simon and Schuster; 2022.

137. Quarterly Excess Death Rate Analysis. Centers for Disease Control 
and Prevention. Phinance Technologies. 2023.            .    
https://phinancetechnologies.com/HumanityProjects/Quarterly%
20Excess%20Death%20Rate%20Analysis%20-%20US.htm    

138. �e Vigilant Fox. Edward Dowd presents irrefutable evidence vaccine 

mandates killed and disabled countless Americans. 2023. Available at: 
https://dailyclout.io/edward-dowd-presents-irrefutable-evidence-vacc
ine-mandates-killed-disabled-countless-americans/

139. McLachlan S, Osman M, Dube K, Chiketero P, Choi Y, Fenton N. 
Analysis of COVID-19 vaccine death reports from the Vaccine 
Adverse Events Reporting System (VAERS) database interim: Results 
and analysis. 2021:1-17. https://doi.org/10.13140/RG.2.2.26987.26402

140. Shimabukuro TT, Nguyen M, Martin D, DeStefano F. Safety monitoring 
in the vaccine adverse event reporting system (VAERS). Vaccine. 
2015;33(36):4398-4405. https://doi.org/10.1016/j.vaccine.2015.07.035

141. Amir M, Latha S, Sharma R, Kumar A. Association of cardiovascular 
events with COVID-19 vaccines using vaccine adverse event reporting 
system (VAERS): A retrospective study. Curr Drug Saf. 2024;19(3):402-406. 
https://doi.org/10.2174/0115748863276904231108095255

142. Varricchio F, Iskander J, Destefano F, Ball R, Pless R, Braun MM, 
Chen RT. Understanding vaccine safety information from the 
vaccine adverse event reporting system. Pediatr Infect Dis J. 2004; 
23(4):287-294. https://doi.org/10.1097/00006454-200404000-00002 

143. Lazarus R, Klompas M, Bernstein S. Electronic Support for Public 
Health–Vaccine Adverse Event Reporting System (ESP: VAERS). 
Grant. Final Report, Grant ID: R18 HS. 2010;17045. Available at: 
https://www.corruptedsystem.com/uploads/r18hs017045-lazarus-
�nal-report-2011.pdf

144. Montag K, Kampf G. Hospitalised Myocarditis and pericarditis 
cases in germany indicate a higher post-vaccination risk for young 
people mainly a�er COVID-19 vaccination. J Clin Med. 
2022;11(20):6073. https://doi.org/10.3390/jcm11206073 

145. Rose J. Critical appraisal of VAERS pharmacovigilance: Is the US 
vaccine adverse events reporting system (VAERS) a functioning 
pharmacovigilance system. Publ Health Pol the Law. 
2021;3:100-129.

146. Yan MM, Zhao H, Li ZR, Chow JW, Zhang Q, Qi YP, et al. Serious 
adverse reaction associated with the COVID-19 vaccines of 
BNT162b2, Ad26. COV2. S, and mRNA-1273: gaining insight 
through the VAERS. Frontiers in pharmacology. 2022;13:921760. 
https://doi.org/10.3389/fphar.2022.921760

147. Cadegiani FA. Catecholamines Are the Key Trigger of COVID-19 
mRNA Vaccine-Induced Myocarditis: A Compelling Hypothesis 
Supported by Epidemiological, Anatomopathological, Molecular, 
and Physiological Findings. Cureus. 2022;14(8):e27883. 
https://doi.org/10.7759/cureus.27883

148. Choi S, Lee S, Seo JW, Kim MJ, Jeon YH, Park JH, et al. 
Myocarditis-induced sudden death a�er BNT162b2 mRNA 
COVID-19 vaccination in Korea: Case report focusing on 
histopathological �ndings. J Korean Med Sci. 2021;36(40):e286. 
https://doi.org/10.3346/jkms.2021.36.e286

149. Gill JR, Tashjian R, Duncanson E. Autopsy histopathologic cardiac 
�ndings in 2 adolescents following the second COVID-19 vaccine 
dose. Arc Path Lab Med. 2022;146(8):925-929.      .         
https://doi.org/10.5858/arpa.2021-0435-SA

150. Park JH, Kim KH. COVID-19 vaccination-related myocarditis: 
what we learned from our experience and what we need to do in 
the future. Korean Circ J. 2024;54(6):295-310.      .         
https://doi.org/10.4070/kcj.2024.0065 

151. Bille K, Figueiras D, Schamasch P, Kappenberger L, Brenner JI, 
Meijboom FJ, et al. Sudden cardiac death in athletes: the Lausanne 
Recommendations. Eur J Cardiovasc Prev Rehabil. 2006;13(6): 
859-875. https://doi.org/10.1097/01.hjr.0000238397.50341.4a

152. Polykretis P, McCullough PA. Rational harm-bene�t assessments by 
age group are required for continued COVID-19 vaccination. Scand 
J Immunol. 2023;98(1):e13242. https://doi.org/10.1111/sji.13242 

153. Alexander LK, Small JD, Edwards S, Baric RS. An experimental 
model for dilated cardiomyopathy a�er rabbit coronavirus 
infection. J Infect Dis. 1992;166(5):978-985.            .         
https://doi.org/10.1093/infdis/166.5.978 

154. Alexander LK, Keene BW, Yount BL, Geratz JD, Small JD, Baric RS. 
ECG changes a�er rabbit coronavirus infection. J Electrocardiol. 

1999;32(1):21-32. https://doi.org/10.1016/S0022-0736(99)90018-3 
155. Long B, Brady WJ, Koyfman A, Gottlieb M. Cardiovascular 

complications in COVID-19. Am J Emerg Med. 
2020;38(7):1504-1507. https://doi.org/10.1016/j.ajem.2020.04.048 

156. Hudowenz O, Klemm P, Lange U, Rolf A, Schultheiss HP, Hamm 
C, et al. Case report of severe PCR-con�rmed COVID-19 
myocarditis in a European patient manifesting in mid January 
2020. Eur Heart J Case Rep. 2020;4(6):1-6.         .         
https://doi.org/10.1093/ehjcr/ytaa286 

157. Papageorgiou JM, Almroth H, Törnudd M, van der Wal H, 
Varelogianni G, Lawesson SS. Fulminant myocarditis in a 
COVID-19 positive patient treated with mechanical circulatory 
support - a case report. Eur Heart J Case Rep. 2020;5(2):ytaa523. 
https://doi.org/10.1093/ehjcr/ytaa523

158. ACC Underscores Safety of COVID-19 Vaccine. American College 
of Cardiology. 2022. Available on:                   .         
https://www.acc.org/Latest-in-Cardiology/Articles/2022/10/14/15
/13/ACC-Underscores-Safety-of-COVID-19-Vaccine

159. Chung MK, Zidar DA, Bristow MR, Cameron SJ, Chan T, Harding 
CV III, et al. COVID-19 and Cardiovascular Disease: From Bench 
to Bedside. Circ Res. 2021;128(8):1214-1236.            .         
https://doi.org/10.1161/CIRCRESAHA.121.317997 

160. McCarthy C, Li S, Wang TY, Raber I, Sandoval Y, Smilowitz NR, et 
al. Implementation of High-Sensitivity Cardiac Troponin Assays 
in the United States. J Am Coll Cardiol. 2023;81(3):207-219. 
https://doi.org/10.1016/j.jacc.2022.10.017

161. Gottlieb M, Sansom S, Frankenberger C, Ward E, Hota B. Clinical 
Course and Factors Associated with Hospitalization and Critical 
Illness Among COVID-19 Patients in Chicago, Illinois. Acad 
Emerg Med. 2020;27(10):963-973.               .         
https://doi.org/10.1111/acem.14104 

162. Chauin A. �e Main Causes and Mechanisms of Increase in Cardiac 
Troponin Concentrations Other �an Acute Myocardial Infarction 
(Part 1): Physical Exertion, In�ammatory Heart Disease, 
Pulmonary Embolism, Renal Failure, Sepsis. Vasc Health Risk 
Manag. 2021;17:601-617. https://doi.org/10.2147/VHRM.S327661 

163. Chuang AM, Nguyen MT, Kung WM, Lehman S, Chew DP. 
High-sensitivity troponin in chronic kidney disease: Considerations 
in myocardial infarction and beyond. Rev Cardiovasc Med. 
2020;21(2):191-203. https://doi.org/10.31083/J.RCM.2020.02.17 

164. Siripanthong B, Nazarian S, Muser D, Deo R, Santangeli P, Khanji 
MY, et al. Recognizing COVID-19-related myocarditis: �e 
possible pathophysiology and proposed guideline for diagnosis 
and management. Heart Rhythm. 2020;17(9):1463-1471. 
https://doi.org/10.1016/j.hrthm.2020.05.001 

165. Castiello T, Georgiopoulos G, Finocchiaro G, Claudia M, Gianatti 
A, Delialis D, et al. COVID-19 and myocarditis: a systematic 
review and overview of current challenges. Heart Fail Rev. 
2022;27(1):251-261. https://doi.org/10.1007/s10741-021-10087-9 

166. Mele D, Flamigni F, Rapezzi C, Ferrari R. Myocarditis in COVID-19 
patients: current problems. Intern Emerg Med. 2021;16 
(5):1123-1129. https://doi.org/10.1007/s11739-021-02635-w 

167. Alcoba G, Keitel K, Maspoli V, Lacroix L, Manzano S, Gehri M, et 
al. A three-step diagnosis of pediatric pneumonia at the 
emergency department using clinical predictors, C- reactive 
protein, and pneumococcal PCR. Eur J Pediatr. 
2017;176(6):815-824. https://doi.org/10.1007/s00431-017-2913-0

168. Karbalai Saleh S, Oraii A, Soleimani A, Hadadi A, Shajari Z, Montazeri 
M, et al. �e association between cardiac injury and outcomes in 
hospitalized patients with COVID-19. Intern Emerg Med. 
2020;15(8):1415-1424. https://doi.org/10.1007/s11739-020-02466-1

169. Jalali F, Hatami F, Saravi M, Jafaripour I, Hedayati MT, Amin K, et 
al. Characteristics and outcomes of hospitalized patients with 
cardiovascular complications of COVID-19. J Cardiovasc �orac 
Res. 2021;13(4):355-363. https://doi.org/10.34172/jcvtr.2021.53 

170. Held KS. COVID-19 statistics and facts: Meaningful or a means of 
manipulation? J Am Physicians Surg. 2020; 25(3), 70-72. 

https://jpands.org/vol25no3/held.pdf 
171. Tom MR, Mina MJ. To Interpret the SARS-CoV-2 Test, Consider 

the Cycle �reshold Value. Clin Infect Dis. 2020;71(16):2252- 
2254. https://doi.org/10.1093/cid/ciaa619 

172. Doshi P, Powers JH. Determining the Infectious Potential of 
Individuals with Positive Reverse- Transcription Polymerase 
Chain Reaction Severe Acute Respiratory Syndrome Coronavirus 
2 Tests. Clin Infect Dis. 2021;73(11):e3900-e3901.          .         
https://doi.org/10.1093/cid/ciaa1819 

173. Je�erson T, Spencer EA, Brassey J, Heneghan C. Viral Cultures for 
Coronavirus Disease 2019 Infectivity Assessment: A Systematic 
Review. Clin Infect Dis. 2021;73(11):e3884-e3899.      .         
https://doi.org/10.1093/cid/ciaa1764 

174. McLeod D, Martins I, Pelech S, Beck C, Shaw CA. Dispelling the 
myth of a pandemic of the unvaccinated. Int J Vaccine �eory Pract 
Res. 2021; 2(1), 267–286. https://doi.org/10.56098/ijvtpr.v2i1.38 

175. Buitrago-Garcia D, Ipekci AM, Heron L, Imeri H, 
Araujo-Chaveron L, Arevalo-Rodriguez I, et al. Occurrence and 
transmission potential of asymptomatic and presymptomatic 
SARS-CoV-2 infections: Update of a living systematic review and 
meta-analysis. PLoS Med. 2022;19(5):e1003987.      .         
https://doi.org/10.1371/journal.pmed.1003987 

176. Gao W, Lv J, Pang Y, Li LM. Role of asymptomatic and 
pre-symptomatic infections in covid-19 pandemic. BMJ. 
2021;375:n2342. https://doi.org/10.1136/bmj.n2342

177. Bergeri I, Whelan MG, Ware H, Subissi L, Nardone A, Lewis HC, 
et al.; Unity Studies Collaborator Group. Global SARS-CoV-2 
seroprevalence from January 2020 to April 2022: A systematic 
review and meta- analysis of standardized population-based 
studies. PLoS Med. 2022;19(11):e1004107.      .         
https://doi.org/10.1371/journal.pmed.1004107 

178. Azami M, Moradi Y, Moradkhani A, Aghaei A. SARS-CoV-2 
seroprevalence around the world: an updated systematic review 
and meta-analysis. Eur J Med Res. 2022;27(1):81.      .         
https://doi.org/10.1186/s40001-022-00710-2 

179. Kucirka LM, Lauer SA, Laeyendecker O, Boon D, Lessler J. 
Variation in False-Negative Rate of Reverse Transcriptase 
Polymerase Chain Reaction-Based SARS-CoV-2 Tests by Time 
Since Exposure. Ann Intern Med. 2020;173(4):262-267. 
https://doi.org/10.7326/M20-1495 

180. Mina MJ, Parker R, Larremore DB. Rethinking Covid-19 Test 
Sensitivity - A Strategy for Containment. N Engl J Med. 
2020;383(22):e120. https://doi.org/10.1056/NEJMp2025631

181. Caplan A, Bates KW, Brioni C, Santos A, Sabatini LM, Kaul KL, et al. 
Clinical characteristics and viral load dynamics of COVID-19 in a 
mildly or moderately symptomatic outpatient sample. PLoS One. 
2021;16(10):e0258970. https://doi.org/10.1371/journal.pone.0258970 

182. Klein H, Asseo K, Karni N, Benjamini Y, Nir-Paz R, Muszkat M, et 
al. Onset, duration and unresolved symptoms, including smell and 
taste changes, in mild COVID-19 infection: a cohort study in 
Israeli patients. Clin Microbiol Infect. 2021;27(5):769–774. 
https://doi.org/10.1016/j.cmi.2021.02.008 

183. Russell TW, Golding N, Hellewell J, Abbott S, Wright L, Pearson 
CAB, et al. Reconstructing the early global dynamics of 
under-ascertained COVID-19 cases and infections. BMC Med. 
2020;18(1):332. https://doi.org/10.1186/s12916-020-01790-9 

184. Havers FP, Reed C, Lim T, Montgomery JM, Klena JD, Hall AJ, et al. 
Seroprevalence of Antibodies to SARS-CoV-2 in 10 Sites in the 
United States, March 23-May 12, 2020. JAMA Intern Med. 2020;180 
(12):1576-1586. https://doi.org/10.1001/jamainternmed.2020.4130 

185. Estimated COVID-19 Burden. United States Centers for Disease 
Control and Prevention. 2021. Available at:      .         
https://archive.cdc.gov/www_cdc_gov/coronavirus/2019-ncov/ca
ses-updates/burden.html 

186. Ferguson N, Ghani A, Hinsley W, Volz E. Report 50: 
Hospitalisation risk for Omicron cases in England. Imperial 
College London. 2021:1-12. https://doi.org/10.25561/93035 

187. Gaughan C, Massie L, Braunholtz D, Howells T, Fordham E. Coronavirus 
(COVID-19) Infection Survey Technical Article: Cumulative Incidence of 
the Number of People Who Have Tested Positive for COVID-19, UK. 
O�ce for National Statistics. 2023.Available at:          .         
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocial
care/conditionsanddiseases/articles/coronaviruscovid19infectionsurveytec
hnicalarticlecumulativeincidenceo�henumberofpeoplewhohavebeeninfec
tedwithcovid19byvariantandageengland/9february2023 

188. Bourdon PS, Pantazatos SP. Why a major study on myocarditis risk 
following COVID vaccination should not in�uence public-health policy. 
Front. Med. 2023; 10:1126945. https://doi.org/10.3389/fmed.2023.1126945

189. Knudsen B, Prasad V. COVID-19 vaccine induced myocarditis in 
young males: A systematic review. Eur J Clin Invest. 
2023;53(4):e13947. https://doi.org/10.1111/eci.13947 

190. Cordero A, Cazorla D, Escribano D, Quintanilla MA, López-Ayala 
JM, Berbel PP, et al. Myocarditis a�er RNA-based vaccines for 
coronavirus. Int J Cardiol. 2022;353:131-134.           .         
https://doi.org/10.1016/j.ijcard.2022.01.037 

191. Wang M, Wen W, Zhou M, Wang C, Feng ZH. Meta-Analysis of 
Risk of Myocarditis A�er Messenger RNA COVID-19 Vaccine. 
Am J Cardiol. 2022;167:155-157.                    .        
https://doi.org/10.1016/j.amjcard.2021.12.007

192. Kämmerer U, Pekova S, Klement R, Louwen R, Borger P, Steger K. 
RT-PCR test targeting the conserved 5’-UTR of SARS-CoV-2 
overcomes shortcomings of the �rst WHO-recommended 
RT-PCR test. Int J Vaccine �eory Pract Res. 2023; 3(1):818-846. 
https://doi.org/10.56098/ijvtpr.v3i1.71  

193. Franchi F, Tomsic J. Comments on Kämmerer, et al. Regarding 
RT-PCR Testing. Int J Vaccine �eory Pract Res. 2023; 3(1), 
846.1-846.4. https://doi.org/10.56098/ijvtpr.v3i1.82

194. Patterson BK, Yogendra R, Francisco EB, Long E, Pise A, Osgood E, et 
al. Persistence of S1 spike protein in CD16+ monocytes up to 245 days 
in SARS-CoV-2 negative post COVID-19 vaccination individuals with 
post-acute sequalae of COVID-19 (PASC)-like symptoms. medRxiv. 
2024:2024-2103. https://doi.org/10.1101/2024.03.24.24304286 

195. Parry PI, Lefringhausen A, Turni C, Neil CJ, Cosford R, Hudson 
NJ, et al. 'Spikeopathy': COVID-19 Spike Protein Is Pathogenic, 
from Both Virus and Vaccine mRNA. Biomedicines. 
2023;11(8):2287. https://doi.org/10.3390/biomedicines11082287

196. Patel P, �ompson PD. Diagnosing COVID-19 myocarditis in 
athletes using cMRI. Trends Cardiovasc Med. 2022;32(3):146-150. 
https://doi.org/10.1016/j.tcm.2021.12.009 

197. Shave R, George KP, Atkinson G, Hart E, Middleton N, Whyte G, 
et al. Exercise- induced cardiac troponin T release: a 
meta-analysis. Med Sci Sports Exerc. 2007;39(12):2099–2106. 
https://doi.org/10.1249/mss.0b013e318153�78 

198. Małek ŁA, Marczak M, Miłosz-Wieczorek B, Konopka M, Braksator 
W, Drygas W et al. Cardiac involvement in consecutive elite athletes 
recovered from COVID-19: a magnetic resonance study. J Magn 
Reson Imaging. 2021. https://doi.org/10.1002/jmri.27513 

199. Maestrini V, Merghani A, Rosmini S, Cox A, Bulluck H, Culotta V, 
et al. CMR �ndings in high endurance veteran athletes - a 247 
subject study. J Cardiovasc Magn Reson. 2016;18(1):O38. 
https://doi.org/10.1186/1532-429X-18-S1-O38

200. Clark DE, Parikh A, Dendy JM, Diamond AB, George-Durrett K, Fish 
FA, et al. COVID-19 myocardial pathology evaluation in athletes with 
cardiac magnetic resonance (COMPETE CMR). Circulation. 2021;143 
(6):609-612. https://doi.org/10.1161/CIRCULATIONAHA.120.052573

201. Daniels CJ, Rajpal S, Greenshields JT, Rosenthal GL, Chung EH, 
Terrin M, et al. Prevalence of clinical and subclinical myocarditis in 
competitive athletes with recent SARS-CoV-2 infection: results 
from the big ten COVID-19 cardiac registry. JAMA Cardiol. 2021;6 
(9):1078-1087. https://doi.org/10.1001/jamacardio.2021.2065

202. Fenton N, Neil M. Fighting Goliath: Exposing the �awed science 
and statistics behind the COVID-19 event. Sovereign Rights 
Publishing. 2024.

203. Birtolo LI, Di Pietro G, Ciu�reda A, Improta R, Monosilio S, Prosperi 

S, et al. �e impact of vaccination status on post-acute sequelae in 
hospitalized COVID- 19 survivors using a multi-disciplinary 
approach: An observational single center study. Heliyon. 
2024;10(22):e40409. https://doi.org/10.1016/j.heliyon.2024.e40409 

204. Andrews CD, Parker EPK, Horne E, Walker V, Palmer T, Scha�er 
AL, et al. OpenSAFELY: E�ectiveness of COVID-19 vaccination in 
children and adolescents. medRxiv. 2024:2024-2105.      .          
https://doi.org/10.1101/2024.05.20.24306810

205. Boehmer TK, Kompaniyets L, Lavery AM, Hsu J, Ko JY, Yusuf H, 
et al. Association Between COVID-19 and Myocarditis Using 
Hospital-Based Administrative Data - United States, March 
2020-January 2021. MMWR Morb Mortal Wkly Rep. 2021;70(35): 
1228-1232. http://dx.doi.org/10.15585/mmwr.mm7035e5

206. Klement RJ, Walach H. Commentary: raised c-troponin levels as a 
sign of myocardial injury a�er COVID- 19 vaccination in healthy 
individuals are worrying. Egypt Heart J. 2024;76(1):16. 
https://doi.org/10.1186/s43044-024-00441-1

207. Alhussein MM, Rabbani M, Sarak B, Dykstra S, Labib D, Flewitt J, 
et al. Natural history of myocardial injury a�er COVID-19 
vaccine–associated myocarditis. Can J Cardiol. 2022;38(11):1676- 
1683. https://doi.org/10.1016/j.cjca.2022.07.017

208. Nakahara T, Iwabuchi Y, Miyazawa R, Tonda K, Shiga T, Strauss 
HW, et al. Assessment of myocardial 18F-FDG uptake at PET/CT 
in asymptomatic SARS-CoV-2–vaccinated and nonvaccinated 
patients. Radiol. 2023;308(3):e230743.                    .         
https://doi.org/10.1148/radiol.230743

209. Harris KM, Mackey-Bojack S, Bennett M, Nwaudo D, Duncanson 
E, Maron BJ. Sudden unexpected death due to myocarditis in 
young people, including athletes. Am J Cardiol. 2021;143:131-134. 
https://doi.org/10.1016/j.amjcard.2020.12.028

210. Markwerth P, Bajanowski T, Tzimas I, Dettmeyer R. Sudden 
cardiac death—update. Int J Legal Med. 2021;135:483-495. 
https://doi.org/10.1007/s00414-020-02481-z

211. Ammirati E, Frigerio M, Adler ED, Basso C, Birnie DH, Brambatti M, et al. 
Management of acute myocarditis and chronic in�ammatory 
cardiomyopathy: an expert consensus document. Circ Heart Fail. 2020;13 
(11):e007405. https://doi.org/10.1161/CIRCHEARTFAILURE.120.007405

212. McGonagle D, Giryes S. An immunology of coronary atherosclerosis 
and unexplained sudden death in the COVID-19 era. Autoimmun 
Rev. 2024;103642. https://doi.org/10.1016/j.autrev.2024.103642

213. Sousa PM, Silva EA, Campos MA, Lages JS, Corrêa RD, Silva GE. 
Fatal myocarditis following COVID-19 mrna immunization: a 
case report and di�erential diagnosis review. Vaccines. 
2024;12(2):194. https://doi.org/10.3390/vaccines12020194

214. Lynge TH, Nielsen TS, Winkel BG, Tfelt-Hansen J, Banner J. Sudden 
cardiac death caused by myocarditis in persons aged 1–49 years: a 
nationwide study of 14 294 deaths in Denmark. Forensic Sci. Res. 
2019;4(3):247-256. https://doi.org/10.1080/20961790.2019.1595352

215. Ali-Ahmed F, Dalgaard F, Al-Khatib SM. Sudden cardiac death in patients 
with myocarditis: Evaluation, risk strati�cation, and management. Am 
Heart J. 2020;220:29-40. https://doi.org/10.1016/j.ahj.2019.08.007

216. Richter S, Schwab T, Berchthold-Herz M, Beyersdorf F, Schlensak 
C, Bode C, et al. Borderline-Myokarditis als Auslöser für 
therapierefraktäres Kammer�immern. Intensivmed. 2008;45(5): 
287-291. https://doi.org/10.1007/s00390-008-0865-3

217. De Salvia A, De Leo D, Carturan E, Basso C. Sudden cardiac death, 
borderline myocarditis and molecular diagnosis: evidence or 
assumption?. Med Sci Law. 2011;51(1_suppl):27-29.      .         
https://doi.org/10.1258/msl.2010.010056 

218. Makis, W. Personal communications.2024
219. Hulscher N, Cook M, Stricker R, McCullough PA. Excess 

cardiopulmonary arrest and mortality a�er COVID-19 
vaccination in King County, Washington. 2024.            .         
https://www.preprints.org/manuscript/202405.1665/v1 

220. Yeo YH, Wang M, He X, Lv F, Zhang Y, Zu J, et al. Excess risk for 
acute myocardial infarction mortality during the COVID‐19 
pandemic. J Med Virol. 2023;95(1):e28187.                .         

https://doi.org/10.1002/jmv.28187 
221. Martin SS, Aday AW, Almarzooq ZI, Anderson CA, Arora P, Avery CL, et 

al. 2024 heart disease and stroke statistics: a report of US and global data 
from the American Heart Association. Circulation. 2024;149(8):e347-e913. 
https://doi.org/10.1161/CIR.0000000000001209 

222. Janus SE, Makhlouf M, Chahine N, Motairek I, Al-Kindi SG. 
Examining disparities and excess cardiovascular mortality before 
and during the COVID-19 pandemic. Mayo Clin Proc. 2022;97(12): 
2206-2214. https://doi.org/10.1016/j.mayocp.2022.07.008

223. Woodru� RC, Tong X, Khan SS, Shah NS, Jackson SL, Loustalot F, 
et al. Trends in cardiovascular disease mortality rates and excess 
deaths, 2010–2022. Am J Prev Med. 2024;66(4):582-589. 
https://doi.org/10.1016/j.amepre.2023.11.009

224. Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, et al. 
Myocarditis a�er Covid-19 vaccination in a large health care 
organization.  N Engl J Med. 2021;385(23):2132-2139.      .         
https://doi.org/10.1056/NEJMoa2110737

225. Ferreira JP, Machu JL, Girerd N, Jaisser F, �um T, Butler J, et al. 
Rationale of the FIBROTARGETS study designed to identify novel 
biomarkers of myocardial �brosis. ESC Heart Fail. 2018;5(1): 
139-148. https://doi.org/10.1002/ehf2.12218

226. Tzahor E, Poss KD. Cardiac regeneration strategies: staying young 
at heart. Science. 2017;356(6342):1035-1039.        .         
https://doi.org/10.1126/science.aam5894

227. Barmada A, Klein J, Ramaswamy A, Brodsky NN, Jaycox JR, 
Sheikha H, et al. Cytokinopathy with aberrant cytotoxic 
lymphocytes and pro�brotic myeloid response in SARS-CoV-2 
mRNA vaccine–associated myocarditis. Sci Immunol. 2023;8(83): 
eadh3455. https://doi.org/10.1126/sciimmunol.adh3455

228. Yu CK, Tsao S, Ng CW, Chua GT, Chan KL, Shi J, et al. 
Cardiovascular assessment up to one year a�er COVID-19 
vaccine–associated myocarditis. Circ. 2023;148(5):436-439. 
https://doi.org/10.1161/CIRCULATIONAHA.123.064772

229. Brociek E, Tymińska A, Giordani AS, Caforio AL, Wojnicz R, 
Grabowski M, et al. Myocarditis: etiology, pathogenesis, and their 
implications in clinical practice. Biol. 2023;12(6):874. 
https://doi.org/10.3390/biology12060874

230. Jain SS, Anderson SA, Steele JM, Wilson HC, Muniz JC, Soslow 
JH, et al. Cardiac manifestations and outcomes of COVID-19 
vaccine-associated myocarditis in the young in the USA: 
longitudinal results from the Myocarditis A�er COVID 
Vaccination (MACiV) multicenter study. EClinicalMedicine. 
2024;76. https://doi.org/10.1016/j.eclinm.2024.102809

231. Sharma AN, Stultz JR, Bellamkonda N, Amsterdam EA. 
Fulminant myocarditis: epidemiology, pathogenesis, diagnosis, 
and management. Am J Cardiol. 2019;124(12):1954-1960. 
https://doi.org/10.1016/j.amjcard.2019.09.017

232. Chau EM, Chow WH, Chiu CS, Wang E. Treatment and outcome 
of biopsy-proven fulminant myocarditis in adults. Int J Cardiol. 
2006;110(3):405-406. https://doi.org/10.1016/j.ijcard.2005.07.082

233. Jiang J, Wang DW. Follow-Up and Long-Term Prognosis of 
Myocarditis and Fulminant Myocarditis. InFulminant Myocarditis 
2022;277-288.  https://doi.org/10.1007/978-981-19-5759-8_19

234. Lindner D, Fitzek A, Bräuninger H, Aleshcheva G, Edler C, Meissner 
K, et al. Association of cardiac infection with SARS-CoV-2 in 
con�rmed COVID-19 autopsy cases. JAMA Cardiol. 2020;5(11): 
1281-1285. https://doi.org/doi:10.1001/jamacardio.2020.3551

235. Watanabe S, Hama R. SARS-CoV-2 vaccine and increased myocarditis 
mortality risk: A population based comparative study in Japan. 
medRxiv. 2022:2022-10. https://doi.org/10.1101/2022.10.13.22281036

236. Abrams JY, Oster ME, Godfred-Cato SE, Bryant B, Datta SD, Campbell 
AP, et al. Factors linked to severe outcomes in multisystem 
in�ammatory syndrome in children (MIS-C) in the USA: a 
retrospective surveillance study. Lancet Child Adolesc Health. 2021; 
5(5):323-331. https://doi.org/10.1016/S2352-4642(21)00050-X

237. Verma AK, Lavine KJ, Lin CY. Myocarditis a�er Covid-19 mRNA 
vaccination. N Engl J Med. 2021;385(14):1332-1334.      .         

https://www.nejm.org/doi/full/10.1056/NEJMc2109975
238. Shime M, Nozaki Y, Morita A, Ishiodori T, Murakami T, Yamasaki 

H, et al. Life‐threatening severe acute respiratory syndrome 
coronavirus‐2 mRNA vaccine‐associated myocarditis a�er 
COVID‐19 myocarditis. J Paediatr Child Health. 2023;59(12). 
https://doi.org/10.1111/jpc.16498

239. Takada K, Taguchi K, Samura M, Igarashi Y, Okamoto Y, Enoki Y, 
et al. SARS-CoV-2 mRNA vaccine-related myocarditis and 
pericarditis: An analysis of the Japanese Adverse Drug Event 
Report database. J Infect Chemother. 2025;31(1):102485. 
https://doi.org/10.1016/j.jiac.2024.07.025

240. Husby A, Gulseth HL, Hovi P, Hansen JV, Pihlström N, Gunnes N, et al. 
Clinical outcomes of myocarditis a�er SARS-CoV-2 mRNA vaccination 
in four Nordic countries: population-based cohort study. BMJ Med. 
2023;2(1):e000373. https://doi.org/10.1136/bmjmed-2022-000373

241. Adab P, Haroon S, O’Hara ME, Jordan RE. Comorbidities and 
covid-19. Bmj. 2022;377. https://doi.org/10.1136/bmj.o1431

242. Dominguez LJ, Barbagallo M. �e biology of the metabolic 
syndrome and aging. Curr Opin Clin Nutr Metab Care. 2016; 
19(1):5-11. https://doi.org/10.1097/MCO.0000000000000243

243. Al-So�ani ME, Ganji SS, Kalyani RR. Body composition changes 
in diabetes and aging. J Diabetes Complications. 2019;33(6): 
451-459. https://doi.org/10.1016/j.jdiacomp.2019.03.007

244. Kruglikov IL, Shah M, Scherer PE. Obesity and diabetes as 
comorbidities for COVID-19: Underlying mechanisms and the 
role of viral–bacterial interactions. Elife. 2020;9:e61330. 
https://doi.org/10.7554/eLife.61330

245. Shah H, Khan MS, Dhurandhar NV, Hegde V. �e triumvirate: 
why hypertension, obesity, and diabetes are risk factors for adverse 
e�ects in patients with COVID-19. Acta Diabetol. 2021;58(7): 
831-843. https://doi.org/10.1007/s00592-020-01636-z

246. Yanez ND, Weiss NS, Romand JA, Treggiari MM. COVID-19 
mortality risk for older men and women. BMC public health. 
2020;20(1):1742. https://doi.org/10.1186/s12889-020-09826-8

247. Schumacher AE, Kyu HH, Aali A, Abbafati C, Abbas J, 
Abbasgholizadeh R, et al. Global age-sex-speci�c mortality, life 
expectancy, and population estimates in 204 countries and 
territories and 811 subnational locations, 1950–2021, and the 
impact of the COVID-19 pandemic: a comprehensive 
demographic analysis for the Global Burden of Disease Study 
2021. �e Lancet. 2024;403(10440):1989-2056.           .         
https://doi.org/10.1016/S0140-6736(24)00476-8

248. Massoullié G, Boyer B, Sapin V, Jean F, Andronache M, Peoc’h M, 
et al. Sudden cardiac death risk in contact sports increased by 
myocarditis: a case series. Eur Heart J. 2021;5(3):ytab054. 
https://doi.org/10.1093/ehjcr/ytab054

249. Bohm P, Scharhag J, Egger F, Tischer KH, Niederseer D, Schmied C, 
et al. Sports-related sudden cardiac arrest in Germany. Can J Cardiol. 
2021;37(1):105-112. https://doi.org/10.1016/j.cjca.2020.03.021 

250. P�zer biodistribution con�dential document translated to 
English.2022. Available at                            .         
https://www.naturalnews.com/�les/P�zer-bio-distribution-con�d
ential-document-translated-to-english.pdf 

251. Kanczkowski W, Evert K, Stadtmüller M, Haberecker M, Laks L, Chen LS, et 
al. COVID-19 targets human adrenal glands. Lancet Diabetes Endocrinol. 
2022;10(1):13-16. https://doi.org/10.1016/S2213-8587(21)00291-6

252. Sheppard MN, Westaby J, Zullo E, Fernandez BV, Cox S, Cox A. 
Sudden arrhythmic death and cardiomyopathy are important 
causes of sudden cardiac death in the UK: results from a national 
coronial autopsy database. Histopathol. 2023;82(7):1056-1066. 
https://doi.org/10.1111/his.14889

253. Healy J, Youssef AM, Sawant S, Orchard JJ, Rehan R, Van Vuuren 
R, et al. Trends in sudden unexpected deaths in an Australian 
population: Impact of the COVID-19 pandemic. Heart Lung Circ. 
2024;33(12):1693-1698. https://doi.org/10.1016/j.hlc.2024.07.009

254. Smith J, Schrader S, Morgan H, Shenton P, Alafaci A, Cox N, et al. 
Clinical phenotype of COVID‐19 vaccine‐associated myocarditis 

in Victoria, 2021–22: a cross‐sectional study. Med J Aust. 
2025;222(1):23-29. https://doi.org/10.5694/mja2.52557

255. Sennfält S, Norrving B, Petersson J, Ullberg T. Long-term survival 
and function a�er stroke: a longitudinal observational study from 
the Swedish Stroke Register. Stroke. 2019;50(1):53-61. 
https://doi.org/10.1161/STROKEAHA.118.022913

256. Yazdanfard PD, Christensen AH, Tfelt-Hansen J, Bundgaard H, 
Winkel BG. Non-diagnostic autopsy �ndings in sudden 
unexplained death victims. BMC Cardiovasc Disord. 2020;20:1-7. 
https://doi.org/10.1186/s12872-020-01361-z

257. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil 
AC, et al. Remdesivir for the treatment of Covid-19—preliminary 
report. N Engl J Med. 2020;383(19):1813-1836.        .         
https://doi.org/10.1056/NEJMoa2007764

258. Nina Youngstrom. CMS Hikes Payment for COVID-19 Inpatients 
Treated With New Drugs, Links it to 20% Bonus. J.D.Supra. Health 
Care Compliance Association. 2020. Available at      .         
https://www.jdsupra.com/legalnews/cms-hikes-payment-for-covi
d-19-19452/

259. Wang Y, Zhang D, Du G, Du R, Zhao J, Jin Y, et al. Remdesivir in 
adults with severe COVID-19: a randomised, double-blind, 
placebo-controlled, multicentre trial. �e Lancet. 2020;395(10236): 
1569-1578. https://doi.org/10.1016/S0140-6736(20)31022-9

260. Kwok M, Lee C, Li HS, Deng R, Tsoi C, Ding Q, et al. Remdesivir 
induces persistent mitochondrial and structural damage in human 
induced pluripotent stem cell-derived cardiomyocytes. Cardiovasc 
Res. 2022;118(12):2652-2664. https://doi.org/10.1093/cvr/cvab311

261. Gholipour M, Samidoost P, Moayerifar M, Ghasemzadeh G. A case report 
of QTc prolongation: Drug induced or myocarditis in Severe Acute 
Respiratory Syndrome Coronavirus 2. SAGE Open Med Case Rep. 2024; 
12:2050313X241233432. https://doi.org/10.1177/2050313X241233432

262. Harbi S, AlFai� M, Al-Dorzi HM, Aljuhani O, Alenazi AA, Alalawi 
M, et al. A case report on the association between QTc prolongation 
and remdesivir therapy in a critically ill patient. IDCases. 
2022;29:e01572. https://doi.org/10.1016/j.idcr.2022.e01572

263. Nabati M, Parsaee H. Potential cardiotoxic e�ects of remdesivir on 
cardiovascular system: a literature review. Cardiovasc. Toxicol. 
2022;22(3):268-272. https://doi.org/10.1007/s12012-021-09703-9

264. Tian E, Cosme C, Bauzon J, Batra K, Azar F, Schreiber A. 
Remdesivir-associated bradycardia in COVID-19: a rapid review 
protocol. BMJ open. 2023;13(5):e068564.          .          
https://doi.org/10.1136/bmjopen-2022-068564

265. Krauson AJ, Casimero FV, Siddiquee Z, Stone JR. Duration of 
SARS-CoV-2 mRNA vaccine persistence and factors associated with 
cardiac involvement in recently vaccinated patients. NPJ Vaccines. 
2023;8(1):141. https://doi.org/10.1038/s41541-023-00742-7

266. Baumeier C, Aleshcheva G, Harms D, Gross U, Hamm C, Assmus 
B, et al. Intramyocardial in�ammation a�er COVID-19 
vaccination: an endomyocardial biopsy-proven case series. Int J 
Mol Sci. 2022;23(13):6940. https://doi.org/10.3390/ijms23136940

267. Schreckenberg R, Woitasky N, Itani N, Czech L, Ferdinandy P, 
Schulz R. Cardiac side e�ects of RNA‐based SARS‐CoV‐2 vaccines: 
hidden cardiotoxic e�ects of mRNA‐1273 and BNT162b2 on 
ventricular myocyte function and structure. Br J Pharmacol. 
2024;181(3):345-361. https://doi.org/10.1111/bph.16262

268. Vaccine side e�ects. U.S. Department of Health & Human 
Services. 2022. Retrieved on 2024. Available at          .         
https://www.hhs.gov/immunization/basics/safety/side-e�ects/index.html

269. Singer ME, Taub IB, Kaelber DC. Risk of myocarditis from COVID-19 
infection in people under age 20: a population-based analysis. 
MedRxiv. 2021:2021-07. https://doi.org/10.1101/2021.07.23.21260998

270. Funk PR, Yogurtcu ON, Forshee RA, Anderson SA, Marks PW, 
Yang H. Bene�t-risk assessment of COVID-19 vaccine, mRNA 
(Comirnaty) for age 16–29 years. Vaccine. 2022;40(19):2781-2789. 
https://doi.org/10.1016/j.vaccine.2022.03.030

271. Yogurtcu ON, Funk PR, Forshee RA, Anderson SA, Marks PW, 
Yang H. Bene�t-risk assessment of covid-19 vaccine, MRNA 

(MRNA-1273) for males age 18–64 years. Vaccine: X. 
2023;14:100325. https://doi.org/10.1016/j.jvacx.2023.100325

272. Doshi P. Revolving doors: board memberships, hedge funds, and 
the FDA chiefs responsible for regulating industry. BMJ. 
2024;385:q975. https://doi.org/10.1136/bmj.q975

273. Deyo RA. Gaps, tensions, and con�icts in the FDA approval 
process: implications for clinical practice. J Am Board Fam Pract. 
2004;17(2):142-149.  https://doi.org/10.3122/jabfm.17.2.142

274. Adams B. Moderna nabs a BARDA billion as it kick-starts 
late-stage pandemic vaccine test. 2022. Available at      .         
https://www.�ercebiotech.com/biotech/moderna-nabs-a-barda-bi
llion-as-its-kickstarts-late-stage-pandemic-vaccine-test

275. Lalani HS, Nagar S, Sarpatwari A, Barenie RE, Avorn J, Rome BN, 
et al. US public investment in development of mRNA covid-19 
vaccines: retrospective cohort study. BMJ. 2023;380.      .         
https://doi.org/10.1136/bmj-2022-073747

276. Webb NE, Osburn TS. Characteristics of hospitalized children 
positive for SARS-CoV-2: experience of a large center. Hosp Pediatr. 
2021;11(8):e133-141. https://doi.org/10.1542/hpeds.2021-005919

277. Kushner LE, Schroeder AR, Kim J, Mathew R. “For COVID” or 
“With COVID”: classi�cation of SARS-CoV-2 hospitalizations in 
children. Hosp Pediatr. 2021;11(8):e151-156.              .         
https://doi.org/10.1542/hpeds.2021-006001

278. Drouin O, Hepburn CM, Farrar DS, Baerg K, Chan K, Cyr C, et al. 
Characteristics of children admitted to hospital with acute 
SARS-CoV-2 infection in Canada in 2020. Cmaj. 
2021;193(38):E1483-1493.  https://doi.org/10.1503/cmaj.210053

279. Havers FP. Hospitalization of adolescents aged 12–17 years with 
laboratory-con�rmed COVID-19—COVID-NET, 14 states, 
March 1, 2020–April 24, 2021. MMWR Morb Mortal Wkly Rep. 
2021;70(23):851-857. https://doi.org/10.15585/mmwr.mm7023e1

280. Altarawneh H, Chemaitelly H, Tang P, Hasan MR, Qassim S, 
Ayoub HH, et al. Protection a�orded by prior infection against 
SARS-CoV-2 reinfection with the Omicron variant. MedRxiv. 
2022:2022-01. https://doi.org/10.1056/NEJMc2200133

281. Gazit S, Shlezinger R, Perez G, Lotan R, Peretz A, Ben-Tov A, et al. 
Comparing SARS-CoV-2 natural immunity to vaccine-induced 
immunity: reinfections versus breakthrough infections. MedRxiv. 2021. 
https://www.medrxiv.org/content/10.1101/2021.08.24.21262415v1

282. Coronavirus (COVID‐19) Infection Survey, characteristics of people testing 
positive for COVID‐19, UK: 17. O�ce of National Statistics. 2021. Available at 
https://www.ons.gov.uk/releases/coronaviruscovid19infectionsurvey
characteristicsofpeopletestingpositiveforcovid19uk17november2021

283. León TM. COVID-19 cases and hospitalizations by COVID-19 
vaccination status and previous COVID-19 diagnosis—California and 
New York, May–November 2021. MMWR Morb Mortal Wkly Rep. 
2022;71(4):125-131. http://dx.doi.org/10.15585/mmwr.mm7104e1

284. Pezzullo AM, Axfors C, Contopoulos-Ioannidis DG, Apostolatos 
A, Ioannidis JP. Age-strati�ed infection fatality rate of COVID-19 
in the non-elderly population. Environ Res. 2023;216:114655. 
https://doi.org/10.1016/j.envres.2022.114655

285. Baral S, Chandler R, Prieto RG, Gupta S, Mishra S, Kulldor� M. 
Leveraging epidemiological principles to evaluate Sweden’s 
COVID-19 response. Ann Epidemiol. 2020;54:21.      .         
https://doi.org/10.1016/j.annepidem.2020.11.005

286. Islam N, Shkolnikov VM, Acosta RJ, Klimkin I, Kawachi I, Irizarry 
RA, et al. Excess deaths associated with covid-19 pandemic in 
2020: age and sex disaggregated time series analysis in 29 high 
income countries. bmj. 2021;373:n1137.               .         
https://doi.org/10.1136/bmj.n1137

287. �ornley S, Morris AJ, Sundborn G, Bailey S. How fatal is 
COVID-19 compared with seasonal in�uenza? �e devil is in the 
detail. BMJ. 2020;371:m3883. 2020.

288. Turner JS, Kim W, Kalaidina E, Goss CW, Rauseo AM, Schmitz AJ, 
et al. SARS-CoV-2 infection induces long-lived bone marrow 
plasma cells in humans. Nature. 2021;595(7867):421-425. 
https://doi.org/10.1038/s41586-021-03647-4

289. Wang Z, Yang X, Zhong J, Zhou Y, Tang Z, Zhou H, et al. Exposure 
to SARS-CoV-2 generates T-cell memory in the absence of a 
detectable viral infection. Nat Commun. 2021;12(1):1724. 
https://doi.org/10.1038/s41467-021-22036-z

290. Reynolds CJ, Pade C, Gibbons JM, Otter AD, Lin KM, Muñoz 
Sandoval D, et al. Immune boosting by B. 1.1. 529 (Omicron) 
depends on previous SARS-CoV-2 exposure. Science. 
2022;377(6603) :eabq1841. https://doi.org/10.1126/science.abq1841

291. Patalon T, Saciuk Y, Perez G, Peretz A, Ben-Tov A, Gazit S. Dynamics 
of naturally acquired immunity against severe acute respiratory 
syndrome coronavirus 2 in children and adolescents. J Pediatr. 
2023;257:113371. https://doi.org/10.1016/j.jpeds.2023.02.016

292. Jeet Kaur R, Dutta S, Charan J, Bhardwaj P, Tandon A, Yadav D, et 
al. Cardiovascular adverse events reported from COVID-19 
vaccines: a study based on WHO database. Int J Gen Med. 
2021;3909-3927. https://doi.org/10.2147/IJGM.S324349

293. Oster ME, Shay DK, Su JR, Gee J, Creech CB, Broder KR, et al. 
Myocarditis cases reported a�er mRNA-based COVID-19 
vaccination in the US from December 2020 to August 2021. 
2022;327(4):331-340. https://doi.org/10.1001/jama.2021.24110

294. Shiravi AA, Ardekani A, Sheikhbahaei E, Heshmat-Ghahdarijani K. 
Cardiovascular complications of SARS-CoV-2 vaccines: an overview. 
Cardiol �er. 2022:1-9. https://doi.org/10.1007/s40119-021-00248-0

295. Bardosh K, Krug A, Jamrozik E, Lemmens T, Keshavjee S, Prasad V, et 
al. COVID-19 vaccine boosters for young adults: a risk bene�t 
assessment and ethical analysis of mandate policies at universities. J Med 
Ethics. 2024;50(2):126-138. https://doi.org/10.1136/jme-2022-108449

296. Wallace M, Rosenblum HG, Moulia DL, Broder KR, Shimabukuro 
TT, Taylor CA, et al. A summary of the Advisory Committee for 
Immunization Practices (ACIP) use of a bene�t-risk assessment 
framework during the �rst year of COVID-19 vaccine 
administration in the United States. Vaccine. 2023;41(44): 
6456-6467. https://doi.org/10.1016/j.vaccine.2023.07.037

297. Shiri T, Evans M, Talarico CA, Morgan AR, Mussad M, Buck PO, et al. �e 
population-wide risk-bene�t pro�le of extending the primary COVID-19 
vaccine course compared with an mRNA booster dose program. 
Vaccines. 2022;10(2):140. https://doi.org/10.3390/vaccines10020140

298. Block JP. Cardiac complications a�er SARS-CoV-2 infection and 
mRNA COVID-19 vaccination—PCORnet, United States, january 
2021–January 2022. MMWR Morb Mortal Wkly. 2022;71(14): 
517-523. http://dx.doi.org/10.15585/mmwr.mm7114e1

299. Wong HL, Hu M, Zhou CK, Lloyd PC, Amend KL, Beachler DC, et al. Risk 
of myocarditis and pericarditis a�er the COVID-19 mRNA vaccination in 
the USA: a cohort study in claims databases. �e Lancet. 2022; 
399(10342):2191-2199. https://doi.org/10.1016/S0140-6736(22)00791-7

300. Naveed Z, Li J, Wilton J, Spencer M, Naus M, Velásquez García 
HA, et al. Comparative risk of myocarditis/pericarditis following 
second doses of BNT162b2 and mRNA-1273 coronavirus 
vaccines. J Am Coll Cardiol. 2022;80(20):1900-1908. 
https://doi.org/10.1016/j.jacc.2022.08.799

301. Dickerman BA, Gerlovin H, Madenci AL, Kurgansky KE, Ferolito 
BR, Figueroa Muñiz MJ, et al. Comparative e�ectiveness of 
BNT162b2 and mRNA-1273 vaccines in US veterans. N Engl J Med. 
2022;386(2):105-115. https://doi.org/10.1056/NEJMoa2115463

302. Brisotto G, Montico M, Turetta M, Zanussi S, Cozzi MR, Vettori R, 
et al. Integration of Cellular and Humoral Immune Responses as 
an Immunomonitoring Tool for SARS-CoV-2 Vaccination in 
Healthy and Fragile Subjects. Viruses. 2023;15(6):1276. 
https://doi.org/10.3390/v15061276 

303. Debes AK, Xiao S, Colantuoni E, Egbert ER, Caturegli P, Gadala A, 
et al. Association of vaccine type and prior SARS-CoV-2 infection 
with symptoms and antibody measurements following vaccination 
among health care workers. JAMA Intern Med. 2021;181(12): 
1660-1662. https://doi.org/10.1001/jamainternmed.2021.4580

304. Kobashi Y, Shimazu Y, Kawamura T, Nishikawa Y, Omata F, Kaneko 
Y, et al. Factors associated with anti-severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) spike protein antibody 

correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 

titer and neutralizing activity among healthcare workers following 
vaccination with the BNT162b2 vaccine. PLoS One. 2022; 
17(6):e0269917. https://doi.org/10.1371/journal.pone.0269917

305. Levy I, Levin EG, Olmer L, Regev-Yochay G, Agmon-Levin N, 
Wieder-Finesod A, et al. Correlation between adverse events and 
antibody titers among healthcare workers vaccinated with 
BNT162b2 mRNA COVID-19 vaccine. Vaccines. 2022;10(8):1220. 
https://doi.org/10.3390/vaccines10081220

306. Naaber P, Tserel L, Kangro K, Sepp E, Jürjenson V, Adamson A, et 
al. Dynamics of antibody response to BNT162b2 vaccine a�er six 
months: a longitudinal prospective study. Lancet Reg Health Eur. 
2021;10. https://doi.org/10.1016/j.lanepe.2021.100208

307. Pozdnyakova V, Weber B, Cheng S, Ebinger JE. Review of immunologic 
manifestations of COVID-19 infection and vaccination. Cardiol Clin. 
2022;40(3):301-308. https://doi.org/10.1016/j.ccl.2022.03.006

308. Rechavi Y, Shashar M, Lellouche J, Yana M, Yakubovich D, Sharon 
N. Occurrence of BNT162b2 vaccine adverse reactions is 
associated with enhanced SARS-CoV-2 IgG antibody response. 
Vaccines. 2021;9(9):977. https://doi.org/10.3390/vaccines9090977

309. Takeuchi M, Higa Y, Esaki A, Nabeshima Y, Nakazono A. Does 
reactogenicity a�er a second injection of the BNT162b2 vaccine predict 
spike IgG antibody levels in healthy Japanese subjects? PloS one. 
2021;16(9):e0257668. https://doi.org/10.1371/journal.pone.0257668

310. Uwamino Y, Kurafuji T, Sato Y, Tomita Y, Shibata A, Tanabe A, et 
al. Young age, female sex, and presence of systemic adverse 
reactions are associated with high post-vaccination antibody titer 
a�er two doses of BNT162b2 mRNA SARS-CoV-2 vaccination: 
An observational study of 646 Japanese healthcare workers and 
university sta�. Vaccine. 2022;40(7):1019-25.       .         
https://doi.org/10.1016/j.vaccine.2022.01.002

311. Bonanad C, García-Blas S, Tarazona-Santabalbina F, Sanchis J, 
Bertomeu-González V, et al. �e E�ect of Age on Mortality in 
Patients With COVID-19: A Meta-Analysis With 611,583 
Subjects. J Am Med Dir Assoc. 2020;21(7):915-918.      .         
https://doi.org/10.1016/j.jamda.2020.05.045

312. Franceschi C, Garagnani P, Parini P, Giuliani C, Santoro A. 
In�ammaging: a new immune-metabolic viewpoint for age- 
related diseases. Nat Rev Endocrinol. 2018;14(10):576-590. 
https://doi.org/10.1038/s41574-018-0059-4

313. Kytö V, Sipilä J, Rautava P. �e e�ects of gender and age on occurrence 
of clinically suspected myocarditis in adulthood. Heart. 2013; 
99(22):1681-1684. https://doi.org/10.1136/heartjnl-2013-304449 

314. Semenzato L, Le Vu S, Botton J, Bertrand M, Jabagi MJ, Drouin J, 
et al. Long-term prognosis of patients with myocarditis attributed 
to COVID-19 mRNA vaccination, SARS-CoV-2 infection, or 
conventional etiologies. JAMA. 2024 Oct;332(16):1367-77. 
https://doi.org/10.1001/jama.2024.16380

315. Jones JM, Stone M, Sulaeman H, Fink RV, Dave H, Levy ME, et al. 
Estimated US infection-and vaccine-induced SARS-CoV-2 
seroprevalence based on blood donations, July 2020-May 2021. Jama. 
2021;326(14):1400-1409. https://doi.org/10.1001/jama.2021.15161

316. Bobrovitz N, Arora RK, Cao C, Boucher E, Liu M, Donnici C, et al. 
Global seroprevalence of SARS-CoV-2 antibodies: A systematic 
review and meta-analysis. PLoS One. 2021;16(6):e0252617. 
https://doi.org/10.1371/journal.pone.0252617

317. Heinz FX, Stiasny K. Distinguishing features of current 
COVID-19 vaccines: knowns and unknowns of antigen 
presentation and modes of action. NPJ Vaccines. 2021;6(1):104. 
https://doi.org/10.1038/s41541-021-00369-6

318. Brogna C, Cristoni S, Marino G, Montano L, Viduto V, Fabrowski 
M, et al. Detection of recombinant Spike protein in the blood of 
individuals vaccinated against SARS‐CoV‐2: Possible molecular 
mechanisms. Proteomics Clin Appl. 2023;17(6):2300048.      .         
https://doi.org/10.1002/prca.202300048

319. Patterson BK, Yogendra R, Francisco EB, Long E, Pise A, Osgood E, et 
al. Persistence of S1 spike protein in CD16+ monocytes up to 245 days 
in SARS-CoV-2 negative post COVID-19 vaccination individuals 

with post-acute sequalae of COVID-19 (PASC)-like symptoms. 
medRxiv. 2024:2024-03. https://doi.org/10.1101/2024.03.24.24304286

320. Nance KD, Meier JL. Modi�cations in an Emergency: �e Role of 
N1-Methylpseudouridine in COVID-19 Vaccines. ACS Cent Sci. 
2021;7(5):748-756. Available at               .         
https://pubs.acs.org/doi/full/10.1021/acscentsci.1c00197

321. Trougakos IP, Terpos E, Alexopoulos H, Politou M, Paraskevis D, 
Scorilas A, et al. Adverse e�ects of COVID-19 mRNA vaccines: the 
spike hypothesis. Trends Mol Med. 2022;28(7):542-554. 
https://doi.org/10.1016/j.molmed.2022.04.007

322. Acevedo-Whitehouse K, Bruno R. Potential health risks of 
mRNA-based vaccine therapy: A hypothesis. Med Hypotheses. 
2023;171:111015. https://doi.org/10.1016/j.mehy.2023.111015

323. Qin Z, Bouteau A, Herbst C, Igyártó BZ. Pre-exposure to 
mRNA-LNP inhibits adaptive immune responses and alters innate 
immune �tness in an inheritable fashion. PLoS Pathog. 2022;18(9): 
e1010830. https://doi.org/10.1371/journal.ppat.1010830

324. Klingel H, Krüttgen A, Imöhl M, Kleines M. Humoral immune 
response to SARS-CoV-2 mRNA vaccines is associated with choice 
of vaccine and systemic adverse reactions. Clin Exp Vaccine Res. 
2023;12(1):60-69. https://doi.org/10.7774/cevr.2023.12.1.60 

325. Giannotta G, Murrone A, Giannotta N. COVID-19 mRNA 
Vaccines: �e Molecular Basis of Some Adverse Events. Vaccines. 
2023;11(4):747.  https://doi.org/10.3390/vaccines11040747

326. Ndeupen S, Qin Z, Jacobsen S, Bouteau A, Estanbouli H, Igyártó 
BZ. �e mRNA-LNP platform's lipid nanoparticle component 
used in preclinical vaccine studies is highly in�ammatory. 
Iscience. 2021 ;24(12). https://doi.org/10.1016/j.isci.2021.103479

327. Seo J, Lee J, Kim S, Lee M, Yang H. Lipid polysaccharides have a 
detrimental e�ect on the function of the ovaries and uterus in mice 
through increased pro-in�ammatory cytokines. Dev Reprod. 
2022;26(4):135. https://doi.org/10.12717/DR.2022.26.4.135

328. Sriwastava S, Sharma K, Khalid SH, Bhansali S, Shrestha AK, 
Elkhooly M, et al. COVID-19 vaccination and neurological 
manifestations: a review of case reports and case series. Brain Sci. 
2022;12(3):407. https://doi.org/10.3390/brainsci12030407

329. Vogrig A, Tartaglia S, Dentoni M, Fabris M, Bax F, Belluzzo M, et 
al. Central nervous system immune-related disorders a�er 
SARS-CoV-2 vaccination: a multicenter study. Front Immunol. 
2024;15:1344184. https://doi.org/10.3389/�mmu.2024.1344184

330. Schinas G, Polyzou E, Dimakopoulou V, Tsoupra S, Gogos C, 
Akinosoglou K. Immune-mediated liver injury following 
COVID-19 vaccination. World J Virol. 2023;12(2):100-108. 
https://doi.org/10.5501/wjv.v12.i2.100

331. Awaya T, Moroi M, Enomoto Y, Kunimasa T, Nakamura M. What 
should we do a�er the COVID-19 vaccination? vaccine-associated 
diseases and precautionary measures against adverse reactions. 
Vaccines. 2022;10(6):866. https://doi.org/10.3390/vaccines10060866

332. Zagorec N, Horvatić I, Šenjug P, Horaček M, Ljubanović DG, 
Galešić K. Immune-mediated diseases a�er coronavirus disease 
2019 vaccination: rare but important complication. Croat Med J. 
2022;63(4):389. https://doi.org/10.3325/cmj.2022.63.389

333. Franchini M, Liumbruno GM, Pezzo M. COVID‐19 
Vaccine‐associated Immune �rombosis and �rombocytopenia 
(VITT): diagnostic and therapeutic recommendations for a new 
syndrome. Eur J Haematol. 2021;107(2):173-180.      .         
https://doi.org/10.1111/ejh.13665

334. Sadat Larijani M, Sorouri R, Eybpoosh S, Doroud D, Moradi L, 
Ahmadinezhad M, et al. Assessment of long-term adverse events 
regarding di�erent COVID-19 vaccine regimens within an 
18-month follow-up study. Pathog Dis. 2023;81:�ad010. 
https://doi.org/10.1093/femspd/�ad010

335. Kim KQ, Burgute BD, Tzeng SC, Jing C, Jungers C, Zhang J, et al. 
N1-methylpseudouridine found within COVID-19 mRNA 
vaccines produces faithful protein products. Cell Rep. 2022;40(9). 
https://doi.org/10.1016/j.celrep.2022.111300

336. König B, Kirchner JO. Methodological considerations regarding 

the quanti�cation of DNA impurities in the covid-19 mRNA 
vaccine comirnaty®. Methods and Protocols. 2024;7(3):41. 
https://doi.org/10.3390/mps7030041

337. Alblaihed L, Huis In't Veld MA. Allergic Acute Coronary 
Syndrome-Kounis Syndrome. Emergency medicine clinics of North 
America. 2021;40(1):69-78. https://doi.org/10.1016/j.emc.2021.08.010

338. Kounis NG, Koniari I, Kouni S, Mplani V, Velissaris D, Plotas P, et 
al. Rare acute hypersensitivity myocardial infarction (Kounis 
syndrome) and hypersensitivity myocarditis following COVID-19 
vaccination. QJM: An International Journal of Medicine. 
2023;116(1):81-82. https://doi.org/10.1093/qjmed/hcac021

339. Yonker LM, Swank Z, Bartsch YC, Burns MD, Kane A, Boribong 
BP, et al. Circulating spike protein detected in post–COVID-19 
mRNA vaccine myocarditis. Circulation. 2023;147(11):867-876. 
https://doi.org/10.1161/CIRCULATIONAHA.122.061025

340. Bozkurt B. Shedding light on mechanisms of myocarditis with 
COVID-19 mRNA vaccines. Circulation. 2023;147(11):877-880. 
https://doi.org/10.1161/CIRCULATIONAHA.123.063396

341. Kim N, Jung Y, Nam M, Sun Kang M, Lee MK, Cho Y, et al. 
Angiotensin II a�ects in�ammation mechanisms via AMPK-related 
signalling pathways in HL-1 atrial myocytes. Sci Rep. 2017;7 
(1):10328. https://doi.org/10.1038/s41598-017-09675-3t

Int. J. Cardiovasc. Res. Innov., 2025, 1, 1-43 © Reseapro Journals 2025
https://doi.org/10.61577/ijcri.2025.100001

INTERNATIONAL JOURNAL OF CARDIOVASCULAR RESEARCH & INNOVATION
2025, VOL. 3, ISSUE 1

2



Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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Table 1. Observational studies of myocarditis following COVID-19 mRNA vaccines.

Note:  In this table, we are highlighting the higher rates found in these observational studies, focusing on dose 2 of the primary series (which 
represents the combined impact of doses 1 and 2; see text). Myocarditis cases are de�ned di�erently in di�erent studies. For example, Patone et al. 
and Stowe et al. required hospitalization, while for Buchan et al, only 70.7% of cases were hospitalized.

correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Study Study Type Sample Size Key Findings (Risk, Incidence Rate) Other Speci�c Details
Patone et al., 
2022 [68]

Self-controlled 
case series

42.8M vaccinated ~10 excess myocarditis events per 100K 
[9.7, 95% CI, 9.1-9.9] persons/doses a�er 
mRNA-1273 dose 2 in males <40 yrs; 
compared to 1.6 per 100K a�er infection 
[95% CI, 1.2-1.8] for the same age group.

Risk higher in younger males, 
especially a�er second dose of 
mRNA-1273. Non-strati�ed 
risk higher a�er infection.

Buchan et al., 
2022 [69]

Population 
cohort, 14.7 M

19.7M doses ~30 myocarditis cases per 100K in males 
18-24 a�er mRNA-1273 dose 2 [29.95, 
95% CI, 17.12-48.64]; lower for 
BNT162b2, ~6 per 100K [5.92, 95% CI, 
1.92-13.81]

Higher rates with shorter 
interdose intervals (<30 days).

Shar� et al., 
2022 [70]

Cohort (Kaiser 
Permanente)

~147K vaccinated 
with mRNA (P�zer 
and Moderna)

~10 cases of myopericarditis per 100K 
[9.54, 95% CI, 5.21-16.0] doses in males 
12-39 a�er dose 2; 37.7 per 100K doses in 
males 12-17 a�er dose 2 of BNT162b2; 
53.7 cases per 100K doses in males 18–24 
a�er dose 2 (see Fig. 1)

Study highlights 
underreporting in prior 
methods and improves 
incidence estimation using text 
analysis.

Stowe et al. 
2023 [71]

Self-controlled 
case series

50 M eligible to 
receive mRNA for 
priming or boosting

For mRNA-1273, 2nd dose, in 16-39 year-
olds: 4.24 (4.19 - 4.27) excess myocarditis 
cases per 100K, within the risk window 
(0–6 days post-injection). For males over 
age 16, this number was 5.50 (5.43-5.53) 
excess cases (see Table 4).

Increased risk within 1st week 
a�er priming & booster doses 
of mRNA, predominantly in 
males <40

Karlstad et al. 
2022 [14]

Cohort studies (4): 
Denmark, 
Finland, Norway, 
Sweden

23,122,522 residents, 
>12 years

5.55 (95% CI, 3.70-7.39) excess events per 
100K persons a�er 2nd dose of BNT162b2 
and 18.39 (9.05-27.72) excess events per 
100K mRNA-1273 recipients a�er 2nd 
dose, males 16-24

Data obtained from linked 
nationwide health registers

Li X, et al., 
2022 [72]

Cohort (Hong 
Kong - electronic 
health record 
database)

Adolescents, 224,560 
1st doses and 162,518 
2nd doses of 
BNT162b2 
administered; 

~22 total cases myocarditis per 100K a�er 
2nd BNT162b2 dose [22.15, 95% CI, 
15.51-30.67]. 39 cases among males (ages 
12-19) per 100K a�er the 2nd dose [95% 
CI, 26.69-55.08].

Report suggests signi�cant risks 
in adolescent males compared 
to females.

Chua et al., 
2022 [73]

Cohort (Hong 
Kong -
Pharmacovigilanc
e System)

Adolescents ~37 cases per 100K in males ages 12-17, 
following the 2nd dose of BNT162b2. 
[37.32, 95% CI, 26.98-51.25]

Myocarditis incidence higher 
among males; mild cases 
requiring conservative 
management.

Krug et al., 
2022 [74]

Risk-bene�t 
analysis (VAERS)

Adolescents ~16 cases per 100K [16.2, 95% CI, 13.2-
19.7] in males, ages 12-15, and ~9 cases 
per 100K [9.3, 95% CI, 7.54-11.4] in males 
ages 16-17a�er 2nd dose of BNT162b2.

Risk-bene�t ratio suggests 
reconsideration of dosing 
strategies in low-risk cohorts.

Witberg et 
al., 2021 [75]

Observational 
(Israel)

~2.5M vaccinated ~11 cases per 100K [10.69, 95% CI, 6.93-
14.46] in males ages 16-29 a�er BNT162b2 
(SIR: 5.3, 95% CI: 4.48–6.40).

Estimated incidence among 
entire cohort was 2.13 cases per 
100K persons

Nygaard et 
al., 2022 [76]

Population-based 
cohort

~260K adolescents ~10 cases per 100K in males [9.7, 95% CI, 
6.93-14.46] ages 12-17 a�er BNT162b2, 
2nd injection

Incidence slightly higher in 
males than previously reported 
in U.S.

Mevorach et 
al., 2021 [77]

Retrospective 
cohort analysis

5.1M vaccinated ~14 cases per 100K [13.73, 95% CI, 8.11-
19.46] in males ages 16-19 a�er 2nd dose 
of BNT162b2 

Risk highest in younger males, 
most cases were mild.
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 

titer and neutralizing activity among healthcare workers following 
vaccination with the BNT162b2 vaccine. PLoS One. 2022; 
17(6):e0269917. https://doi.org/10.1371/journal.pone.0269917

305. Levy I, Levin EG, Olmer L, Regev-Yochay G, Agmon-Levin N, 
Wieder-Finesod A, et al. Correlation between adverse events and 
antibody titers among healthcare workers vaccinated with 
BNT162b2 mRNA COVID-19 vaccine. Vaccines. 2022;10(8):1220. 
https://doi.org/10.3390/vaccines10081220

306. Naaber P, Tserel L, Kangro K, Sepp E, Jürjenson V, Adamson A, et 
al. Dynamics of antibody response to BNT162b2 vaccine a�er six 
months: a longitudinal prospective study. Lancet Reg Health Eur. 
2021;10. https://doi.org/10.1016/j.lanepe.2021.100208

307. Pozdnyakova V, Weber B, Cheng S, Ebinger JE. Review of immunologic 
manifestations of COVID-19 infection and vaccination. Cardiol Clin. 
2022;40(3):301-308. https://doi.org/10.1016/j.ccl.2022.03.006

308. Rechavi Y, Shashar M, Lellouche J, Yana M, Yakubovich D, Sharon 
N. Occurrence of BNT162b2 vaccine adverse reactions is 
associated with enhanced SARS-CoV-2 IgG antibody response. 
Vaccines. 2021;9(9):977. https://doi.org/10.3390/vaccines9090977

309. Takeuchi M, Higa Y, Esaki A, Nabeshima Y, Nakazono A. Does 
reactogenicity a�er a second injection of the BNT162b2 vaccine predict 
spike IgG antibody levels in healthy Japanese subjects? PloS one. 
2021;16(9):e0257668. https://doi.org/10.1371/journal.pone.0257668

310. Uwamino Y, Kurafuji T, Sato Y, Tomita Y, Shibata A, Tanabe A, et 
al. Young age, female sex, and presence of systemic adverse 
reactions are associated with high post-vaccination antibody titer 
a�er two doses of BNT162b2 mRNA SARS-CoV-2 vaccination: 
An observational study of 646 Japanese healthcare workers and 
university sta�. Vaccine. 2022;40(7):1019-25.       .         
https://doi.org/10.1016/j.vaccine.2022.01.002

311. Bonanad C, García-Blas S, Tarazona-Santabalbina F, Sanchis J, 
Bertomeu-González V, et al. �e E�ect of Age on Mortality in 
Patients With COVID-19: A Meta-Analysis With 611,583 
Subjects. J Am Med Dir Assoc. 2020;21(7):915-918.      .         
https://doi.org/10.1016/j.jamda.2020.05.045

312. Franceschi C, Garagnani P, Parini P, Giuliani C, Santoro A. 
In�ammaging: a new immune-metabolic viewpoint for age- 
related diseases. Nat Rev Endocrinol. 2018;14(10):576-590. 
https://doi.org/10.1038/s41574-018-0059-4

313. Kytö V, Sipilä J, Rautava P. �e e�ects of gender and age on occurrence 
of clinically suspected myocarditis in adulthood. Heart. 2013; 
99(22):1681-1684. https://doi.org/10.1136/heartjnl-2013-304449 

314. Semenzato L, Le Vu S, Botton J, Bertrand M, Jabagi MJ, Drouin J, 
et al. Long-term prognosis of patients with myocarditis attributed 
to COVID-19 mRNA vaccination, SARS-CoV-2 infection, or 
conventional etiologies. JAMA. 2024 Oct;332(16):1367-77. 
https://doi.org/10.1001/jama.2024.16380

315. Jones JM, Stone M, Sulaeman H, Fink RV, Dave H, Levy ME, et al. 
Estimated US infection-and vaccine-induced SARS-CoV-2 
seroprevalence based on blood donations, July 2020-May 2021. Jama. 
2021;326(14):1400-1409. https://doi.org/10.1001/jama.2021.15161

316. Bobrovitz N, Arora RK, Cao C, Boucher E, Liu M, Donnici C, et al. 
Global seroprevalence of SARS-CoV-2 antibodies: A systematic 
review and meta-analysis. PLoS One. 2021;16(6):e0252617. 
https://doi.org/10.1371/journal.pone.0252617

317. Heinz FX, Stiasny K. Distinguishing features of current 
COVID-19 vaccines: knowns and unknowns of antigen 
presentation and modes of action. NPJ Vaccines. 2021;6(1):104. 
https://doi.org/10.1038/s41541-021-00369-6

318. Brogna C, Cristoni S, Marino G, Montano L, Viduto V, Fabrowski 
M, et al. Detection of recombinant Spike protein in the blood of 
individuals vaccinated against SARS‐CoV‐2: Possible molecular 
mechanisms. Proteomics Clin Appl. 2023;17(6):2300048.      .         
https://doi.org/10.1002/prca.202300048

319. Patterson BK, Yogendra R, Francisco EB, Long E, Pise A, Osgood E, et 
al. Persistence of S1 spike protein in CD16+ monocytes up to 245 days 
in SARS-CoV-2 negative post COVID-19 vaccination individuals 

with post-acute sequalae of COVID-19 (PASC)-like symptoms. 
medRxiv. 2024:2024-03. https://doi.org/10.1101/2024.03.24.24304286

320. Nance KD, Meier JL. Modi�cations in an Emergency: �e Role of 
N1-Methylpseudouridine in COVID-19 Vaccines. ACS Cent Sci. 
2021;7(5):748-756. Available at               .         
https://pubs.acs.org/doi/full/10.1021/acscentsci.1c00197

321. Trougakos IP, Terpos E, Alexopoulos H, Politou M, Paraskevis D, 
Scorilas A, et al. Adverse e�ects of COVID-19 mRNA vaccines: the 
spike hypothesis. Trends Mol Med. 2022;28(7):542-554. 
https://doi.org/10.1016/j.molmed.2022.04.007

322. Acevedo-Whitehouse K, Bruno R. Potential health risks of 
mRNA-based vaccine therapy: A hypothesis. Med Hypotheses. 
2023;171:111015. https://doi.org/10.1016/j.mehy.2023.111015

323. Qin Z, Bouteau A, Herbst C, Igyártó BZ. Pre-exposure to 
mRNA-LNP inhibits adaptive immune responses and alters innate 
immune �tness in an inheritable fashion. PLoS Pathog. 2022;18(9): 
e1010830. https://doi.org/10.1371/journal.ppat.1010830

324. Klingel H, Krüttgen A, Imöhl M, Kleines M. Humoral immune 
response to SARS-CoV-2 mRNA vaccines is associated with choice 
of vaccine and systemic adverse reactions. Clin Exp Vaccine Res. 
2023;12(1):60-69. https://doi.org/10.7774/cevr.2023.12.1.60 

325. Giannotta G, Murrone A, Giannotta N. COVID-19 mRNA 
Vaccines: �e Molecular Basis of Some Adverse Events. Vaccines. 
2023;11(4):747.  https://doi.org/10.3390/vaccines11040747

326. Ndeupen S, Qin Z, Jacobsen S, Bouteau A, Estanbouli H, Igyártó 
BZ. �e mRNA-LNP platform's lipid nanoparticle component 
used in preclinical vaccine studies is highly in�ammatory. 
Iscience. 2021 ;24(12). https://doi.org/10.1016/j.isci.2021.103479

327. Seo J, Lee J, Kim S, Lee M, Yang H. Lipid polysaccharides have a 
detrimental e�ect on the function of the ovaries and uterus in mice 
through increased pro-in�ammatory cytokines. Dev Reprod. 
2022;26(4):135. https://doi.org/10.12717/DR.2022.26.4.135

328. Sriwastava S, Sharma K, Khalid SH, Bhansali S, Shrestha AK, 
Elkhooly M, et al. COVID-19 vaccination and neurological 
manifestations: a review of case reports and case series. Brain Sci. 
2022;12(3):407. https://doi.org/10.3390/brainsci12030407

329. Vogrig A, Tartaglia S, Dentoni M, Fabris M, Bax F, Belluzzo M, et 
al. Central nervous system immune-related disorders a�er 
SARS-CoV-2 vaccination: a multicenter study. Front Immunol. 
2024;15:1344184. https://doi.org/10.3389/�mmu.2024.1344184

330. Schinas G, Polyzou E, Dimakopoulou V, Tsoupra S, Gogos C, 
Akinosoglou K. Immune-mediated liver injury following 
COVID-19 vaccination. World J Virol. 2023;12(2):100-108. 
https://doi.org/10.5501/wjv.v12.i2.100

331. Awaya T, Moroi M, Enomoto Y, Kunimasa T, Nakamura M. What 
should we do a�er the COVID-19 vaccination? vaccine-associated 
diseases and precautionary measures against adverse reactions. 
Vaccines. 2022;10(6):866. https://doi.org/10.3390/vaccines10060866

332. Zagorec N, Horvatić I, Šenjug P, Horaček M, Ljubanović DG, 
Galešić K. Immune-mediated diseases a�er coronavirus disease 
2019 vaccination: rare but important complication. Croat Med J. 
2022;63(4):389. https://doi.org/10.3325/cmj.2022.63.389

333. Franchini M, Liumbruno GM, Pezzo M. COVID‐19 
Vaccine‐associated Immune �rombosis and �rombocytopenia 
(VITT): diagnostic and therapeutic recommendations for a new 
syndrome. Eur J Haematol. 2021;107(2):173-180.      .         
https://doi.org/10.1111/ejh.13665

334. Sadat Larijani M, Sorouri R, Eybpoosh S, Doroud D, Moradi L, 
Ahmadinezhad M, et al. Assessment of long-term adverse events 
regarding di�erent COVID-19 vaccine regimens within an 
18-month follow-up study. Pathog Dis. 2023;81:�ad010. 
https://doi.org/10.1093/femspd/�ad010

335. Kim KQ, Burgute BD, Tzeng SC, Jing C, Jungers C, Zhang J, et al. 
N1-methylpseudouridine found within COVID-19 mRNA 
vaccines produces faithful protein products. Cell Rep. 2022;40(9). 
https://doi.org/10.1016/j.celrep.2022.111300

336. König B, Kirchner JO. Methodological considerations regarding 

the quanti�cation of DNA impurities in the covid-19 mRNA 
vaccine comirnaty®. Methods and Protocols. 2024;7(3):41. 
https://doi.org/10.3390/mps7030041

337. Alblaihed L, Huis In't Veld MA. Allergic Acute Coronary 
Syndrome-Kounis Syndrome. Emergency medicine clinics of North 
America. 2021;40(1):69-78. https://doi.org/10.1016/j.emc.2021.08.010

338. Kounis NG, Koniari I, Kouni S, Mplani V, Velissaris D, Plotas P, et 
al. Rare acute hypersensitivity myocardial infarction (Kounis 
syndrome) and hypersensitivity myocarditis following COVID-19 
vaccination. QJM: An International Journal of Medicine. 
2023;116(1):81-82. https://doi.org/10.1093/qjmed/hcac021

339. Yonker LM, Swank Z, Bartsch YC, Burns MD, Kane A, Boribong 
BP, et al. Circulating spike protein detected in post–COVID-19 
mRNA vaccine myocarditis. Circulation. 2023;147(11):867-876. 
https://doi.org/10.1161/CIRCULATIONAHA.122.061025

340. Bozkurt B. Shedding light on mechanisms of myocarditis with 
COVID-19 mRNA vaccines. Circulation. 2023;147(11):877-880. 
https://doi.org/10.1161/CIRCULATIONAHA.123.063396

341. Kim N, Jung Y, Nam M, Sun Kang M, Lee MK, Cho Y, et al. 
Angiotensin II a�ects in�ammation mechanisms via AMPK-related 
signalling pathways in HL-1 atrial myocytes. Sci Rep. 2017;7 
(1):10328. https://doi.org/10.1038/s41598-017-09675-3t

Int. J. Cardiovasc. Res. Innov., 2025, 1, 1-43 © Reseapro Journals 2025
https://doi.org/10.61577/ijcri.2025.100001

INTERNATIONAL JOURNAL OF CARDIOVASCULAR RESEARCH & INNOVATION
2025, VOL. 3, ISSUE 1

7



Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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Table 2. Excess mortality by detailed age band. From the SOA report (Table 5.9), p. 27 [135].
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Figure 1. Cardiovascular disease mortality relative to baseline from 
December 2016 to June 2022. Group Life Insurance and U.S. population 
data. From the SOA report (Figure 9.7), p. 50164 [135].

correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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EXCESS MORTALITY BY DETAILED AGE BAND

Age Q3 
2020

Q4 
2020

Q1 
2021

Q2 
2021

Q3 
2021

Q4 
2021

Q1 
2022

Q2 
2022

Q3 
2022

Q4 
2022

Apr. 2020
-Dec. 2022

COVID 
(%)

Non-COVID
(%) 

Count 
(%)

0-24 124% 104% 101% 119% 128% 112% 99% 104% 119% 108% 112% 2.80% 9.30% 2%

25-34 131% 120% 118% 132% 179% 137% 126% 121% 127% 123% 131% 9.90% 21.10% 2%

35-44 133% 127% 129% 134% 201% 158% 134% 123% 126% 134% 139% 17.20% 21.30% 4%

45-54 126% 129% 132% 119% 179% 151% 128% 107% 112% 123% 130% 19.90% 10.00% 9%

55-64 122% 129% 129% 114% 152% 139% 123% 100% 105% 116% 122% 17.40% 5.10% 18%

65-74 115% 132% 130% 108% 130% 124% 116% 95% 100% 104% 116% 14.00% 1.50% 17%

75-84 113% 133% 123% 105% 119% 122% 121% 102% 107% 107% 115% 11.30% 3.80% 20%

85+ 103% 124% 111% 92% 105% 107% 105% 91% 93% 92% 103% 8.60% -5.50% 27%

All Ages 115% 128% 123% 107% 134% 126% 117% 99% 104% 107% 116% 13.00% 2.90% 100%
a. Includes only companies that provided Age splits; see second bullet at the beginning of section 5.

EXCESS MORTALITY BY DETAILED AGE BAND–NON-COVID ONLY
Age Q1

2020
Q2 

2020
Q2 

2020
Q4

2020
Q1

2021
Q2

2021
Q3

2021
Q4

2021
Q1

2022
Q2

2022
Q3

2022
Q4

2022
Apr. 2020-
Dec. 2022

0-24 93% 113% 123% 101% 98% 117% 120% 107% 95% 103% 118% 107% 109%

25-34 100% 119% 125% 112% 108% 126% 145% 116% 114% 120% 126% 122% 121%

35-44 105% 113% 122% 112% 112% 123% 140% 118% 116% 121% 124% 133% 121%

45-54 98% 110% 114% 107% 105% 106% 121% 109% 102% 105% 110% 122% 110%

55-64 97% 104% 110% 105% 99% 103% 115% 105% 99% 99% 103% 114% 105%

65-74 98% 103% 105% 107% 101% 101% 109% 103% 95% 93% 97% 102% 102%

75-84 100% 102% 105% 108% 99% 101% 108% 109% 103% 99% 103% 105% 104%

85+ 96% 99% 97% 103% 94% 89% 98% 99% 93% 88% 89% 90% 95%

Unknown 56% 55% 61% 51% 59% 45% 62% 76% 53% 68% 87% 99% 65%

All Excl 
Unknown

98% 104% 106% 106% 99% 100% 110% 105% 99% 97% 101% 105% 103%

All Ages ³ 98% 103% 106% 106% 99% 100% 110% 105% 99% 97% 101% 105% 103%

a. Includes only companies that provided claims splits Age; see second bullet at the beginning of section 5.
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

Figure 2. All AE reports in VAERS per year (top) and death reports per 
year (bottom). Blue bars represent all vaccines combined; red bars 
represent COVID-19 vaccines. The red bars represent only the reports in 
the context of the COVID-19 vaccines, whereas the blue bars represent all 
the reports for all vaccines combined. This surfeit of reporting is not 
simply because more shots were administered, as some have argued.

Figure 4. Total numbers of VAERS reports per age group normalized per 
million doses, as of October 2024.

Figure 5. AEs per million doses for all AEs (left) and for myocarditis 
(right); comparing COVID-19 mRNA product reports in 2021 to 
influenza vaccine reports in 2019.

Figure 3. AE types (left) and absolute counts of AEs (right); comparing 
COVID-19 products to influenza vaccines during a 462-day timeframe. For 
this same timeframe, there were 2.3 times more COVID-19 shots than Flu 
shots. However, the AE types and absolute counts (or numbers) of AE reports 
for COVID-19 compared to the Flu are 6.2 and 118 times higher, respectively.

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Figure 6. VAERS reports of myocarditis as of September 29, 2023 plotted 
by age and dose (dose 1 (pink), dose 2 (green), and dose 3 (blue)).

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.

Disclosure statement 
�e authors declare that they have no competing interests.

References
1. Perkins D, Wilkins R, Kerr R, Greiner B, Hartwell M. Public interest 

in myocarditis during the sars-CoV-2 pandemic. Disaster Med Public 
Health Prep. 2023;17:e349. https://doi.org/10.1017/dmp.2022.307

2. Sularz AK, Hua A, Ismail T. SARS-CoV-2 vaccines and myocarditis. Clin 
Med. 2023;23(5):495-502. https://doi.org/10.7861/clinmed.2023-0049 

3. Liao YF, Tseng WC, Wang JK, Chen YS, Chen CA, Lin MT, et al. 
Management of cardiovascular symptoms a�er P�zer-BioNTech 
COVID-19 vaccine in teenagers in the emergency department. J 
Formos Med Assoc. 2023;122(8):699-706.              .               
.https://doi.org/10.1016/j.jfma.2022.12.004 

4. Rosner CM, Genovese L, Tehrani BN, Atkins M, Bakhshi H, 
Chaudhri S, et al. Myocarditis temporally associated with 
COVID-19 vaccination. Circulation. 2021;144(6):502-505.      .         
https://doi.org/10.1161/CIRCULATIONAHA.121.055891 

5. Caforio AL, Pankuweit S, Arbustini E, Basso C, Gimeno-Blanes J, 
Felix SB, et al. Current state of knowledge on aetiology, diagnosis, 
management, and therapy of myocarditis: a position statement of 
the European Society of Cardiology Working Group on 
Myocardial and Pericardial Diseases. Eur Heart J. 2013;34(33): 
2636-2648. https://doi.org/10.1093/eurheartj/eht210 

6. Berg J, Kottwitz J, Baltensperger N, Kissel CK, Lovrinovic M, 
Mehra T, et al. Cardiac magnetic resonance imaging in 
myocarditis reveals persistent disease activity despite 
normalization of cardiac enzymes and in�ammatory parameters 
at 3-month follow-up. Circ Heart Fail. 2017;10(11):e004262. 
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004262 

7. Lurz P, Eitel I, Klieme B, Luecke C, De Waha S, Desch S, et al. �e 
potential additional diagnostic value of assessing for pericardial 
e�usion on cardiac magnetic resonance imaging in patients with 
suspected myocarditis. Eur Heart J Cardiovasc Imaging. 2014;15 
(6):643-650. https://doi.org/10.1093/ehjci/jet267 

8. Spotts PH, Zhou F. Myocarditis and Pericarditis. Prim Care. 
2023;51(1):111-124. https://doi.org/10.1016/j.pop.2023.07.006 

9. Sagar S, Liu PP, Cooper LT. Myocarditis. Lancet. 2012;379(9817): 
738-747. https://doi.org/10.1016/S0140-6736(11)60648-X 

10. Su JR, McNeil MM, Welsh KJ, Marquez PL, Ng C, Yan M, et al. 
Myopericarditis a�er vaccination, vaccine adverse event reporting 
system (VAERS), 1990–2018. Vaccine. 2021;39(5):839-845. 
https://doi.org/10.1016/j.vaccine.2020.12.046

11. Cosentino M, Marino F. Understanding the pharmacology of 
COVID-19 mRNA vaccines: playing dice with the spike? Int J Mol 
Sci. 2022;23(18):10881. https://doi.org/10.3390/ijms231810881 

12. Fazlollahi A, Zahmatyar M, Noori M, Nejadghaderi SA, Sullman 
MJ, Shekarriz‐Foumani R, et al. Cardiac complications following 
mRNA COVID‐19 vaccines: A systematic review of case reports 
and case series. Rev Med Virol. 2022;32(4):e2318.      .         
https://doi.org/10.1002/rmv.2318 

13. Li YE, Wang S, Reiter RJ, Ren J. Clinical cardiovascular 
emergencies and the cellular basis of COVID-19 vaccination: from 
dream to reality?. Int J Infect Dis. 2022;124:1-10.      .         
https://doi.org/10.1016/j.ijid.2022.08.026 

14. Karlstad Ø, Hovi P, Husby A, Härkänen T, Selmer RM, Pihlström 
N, et al. SARS-CoV-2 vaccination and myocarditis in a Nordic 
cohort study of 23 million residents. JAMA Cardiol.  2022;7(6): 
600-612. https://doi.org/10.1001/jamacardio.2022.0583

15. Gao J, Feng L, Li Y, Lowe S, Guo Z, Bentley R, et al. A systematic 
review and meta-analysis of the association between SARS-CoV-2 
vaccination and myocarditis or pericarditis. Am J Prev Med. 
2023;64(2):275-284. https://doi.org/10.1016/j.amepre.2022.09.002

16. Yasmin F, Najeeb H, Naeem U, Moeed A, Atif AR, Asghar MS, et 
al. Adverse events following COVID‐19 mRNA vaccines: A 
systematic review of cardiovascular complication, thrombosis, and 
thrombocytopenia. Immun In�amm Dis. 2023;11(3):e807. 
https://doi.org/10.1002/iid3.807 

17. Ilonze OJ, Guglin ME. Myocarditis following COVID-19 
vaccination in adolescents and adults: a cumulative experience of 
2021. Heart Fail Rev. 2022;27(6):2033-2043.                 .         
https://doi.org/10.1007/s10741-022-10243-9

18. Costa C, Moniati F. �e Epidemiology of COVID‐19 
Vaccine‐Induced Myocarditis. Adv Med. 2024;2024(1):4470326. 
https://doi.org/10.1155/2024/4470326 

19. Jung SW, Jeon JJ, Kim YH, Choe SJ, Lee S. Long-term risk of 
autoimmune diseases a�er mRNA-based SARS-CoV2 vaccination in 
a Korean, nationwide, population-based cohort study. Nat Commun. 
2024;15(1):6181. https://doi.org/10.1038/s41467-024-50656-8 

20. Yun C, Lee Y, Heo SJ, Kim N, Jung I. �e impact of COVID-19 status 
and vaccine type following the �rst dose on acute heart disease: A 

nationwide retrospective cohort study in South Korea. Epidemiol 
Infect. 2024;152:e134. https://doi.org/10.1017/S0950268824001213

21. Montgomery J, Ryan M, Engler R, Ho�man D, McClenathan B, 
Collins L, et al. Myocarditis Following Immunization With mRNA 
COVID-19 Vaccines in Members of the US Military. JAMA Cardiol. 
2021;6(10):1202-1206. http://doi.org/10.1001/jamacardio.2021.2833 

22. Puntmann VO, Carerj ML, Wieters I, Fahim M, Arendt C, 
Ho�mann J, et al. Outcomes of Cardiovascular Magnetic Resonance 
Imaging in Patients Recently Recovered From Coronavirus Disease 
2019 (COVID-19). JAMA Cardiol. 2020;5(11):1265-1273. 
http://doi.org/10.1001/jamacardio.2020.3557 

23. Tersalvi G, Vicenzi M, Calabretta D, Biasco L, Pedrazzini G, 
Winterton D. Elevated Troponin in Patients With Coronavirus 
Disease 2019: Possible Mechanisms. J Card Fail. 2020;26(6): 
470-475. https://doi.org/10.1016/j.cardfail.2020.04.009 

24. Nascimento JH, Gomes BF, Oliveira GM. Cardiac troponin as a 
predictor of myocardial injury and mortality from COVID-19. Arq 
Bras Cardiol. 2020;115:667-668. https://doi.org/10.36660/abc.20200862 

25. Ucar FM, Ozturk C, Yılmaztepe MA. Evaluation of Tp-e interval, 
Tp-e/QT ratio and Tp-e/QTc ratio in patients with acute 
myocarditis. BMC Cardiovasc Disord. 2019;19(1):232.      .         
https://doi.org/10.1186/s12872-019-1207-z 

26. Pillay J, Gaudet L, Wingert A, Bialy L, Mackie AS, Paterson DI, et 
al. Incidence, risk factors, natural history, and hypothesised 
mechanisms of myocarditis and pericarditis following covid-19 
vaccination: living evidence syntheses and review. BMJ. 
2022;378:e069445. https://doi.org/10.1136/bmj-2021-069445 

27. Chapin-Bardales J, Myers T, Gee J, Shay DK, Marquez P, Baggs J, et al. 
Reactogenicity within 2 weeks a�er mRNA COVID-19 vaccines: 
Findings from the CDC v-safe surveillance system. Vaccine. 
2021;39(48):7066-7073. https://doi.org/10.1016/j.vaccine.2021.10.019 

28. Cumulative and Interval Summary Tabulation of Serious and Non-Serious 
Adverse Reactions from Post-Marketing Data Sources. P�zer. 2022:1-393. 
https://www.globalresearch.ca/wp-content/uploads/2023/05/p�zer-report.pdf 

29. Comirnaty. European Medicines Agency . Amsterdam, �e 
Netherlands. 2023. Available on:                     .         
https://www.ema.europa.eu/en/medicines/human/EPAR/comirnaty 

30. Making medicines and medical devices safer. Yellow Card. 2024. 
Available on: https://yellowcard.mhra.gov.uk/information 

31. Yan MM, Zhao H, Li ZR, Chow JW, Zhang Q, Qi YP, et al. Serious 
adverse reaction associated with the COVID-19 vaccines of 
BNT162b2, Ad26. COV2. S, and mRNA-1273: gaining insight 
through the VAERS. Front Pharmacol. 2022;13:921760. 
https://doi.org/10.3389/fphar.2022.921760 

32. Shabu A, Nishtala PS. Analysis of the adverse events following the 
mRNA-1273 COVID-19 vaccine. Expert Rev Vaccines. 2023; 
22(1):801-812. https://doi.org/10.1080/14760584.2023.2260477 

33. Glover C, Deng L, Larter C, Brogan C, Richardson O, Huang YA, 
et al. Surveillance of adverse events following immunisation in 
Australia, COVID-19 vaccines, 2021. Commun Dis Intell. 
2024;48:38926650. https://doi.org/10.33321/cdi.2024.48.2 

34. Kim DH, Kim JH, Oh IS, Choe YJ, Choe SA, Shin JY. Adverse 
Events Following COVID-19 Vaccination in Adolescents: Insights 
from Pharmacovigilance Study of VigiBase. J Korean Med Sci. 
2024;39(8):e76. https://doi.org/10.3346/jkms.2024.39.e76 

35. Montano D. Frequency and Associations of Adverse Reactions of 
COVID-19 Vaccines Reported to Pharmacovigilance Systems in 
the European Union and the United States. Front Public Health. 
2022;9:756633. https://doi.org/10.3389/fpubh.2021.756633

36. Vidal-Perez R, Brandão M, Pazdernik M, Kresoja KP, Carpenito 
M, Maeda S, et al. Cardiovascular disease and COVID-19, a deadly 
combination: A review about direct and indirect impact of a 
pandemic. World J Clin Cases. 2022;10(27):9556-9572.       .        
https://doi.org/10.12998/wjcc.v10.i27.9556 

37. Faksova K, Walsh D, Jiang Y, Gri�n J, Phillips A, Gentile A, et al. 
COVID-19 vaccines and adverse events of special interest: A 
multinational Global Vaccine Data Network (GVDN) cohort 

study of 99 million vaccinated individuals. Vaccine. 2024;42(9): 
2200-2211. https://doi.org/10.1016/j.vaccine.2024.01.100

38. COVID-19 VaST Work Group Report – May 17, 2021. National Center for 
Immunization and Respiratory Diseases. 2021. Available on: 
https://archive.cdc.gov/www_cdc_gov/vaccines/acip/work-groups-vast/r
eport-2021-05-17.html

39. Gargano JW, Wallace M, Hadler SC, Langley G, Su JR, Oster ME, 
et al. Use of mRNA COVID-19 Vaccine A�er Reports of 
Myocarditis Among Vaccine Recipients: Update from the 
Advisory Committee on Immunization Practices - United States, 
June 2021. MMWR Morb Mortal Wkly Rep. 2021;70(27):977-982. 
http://dx.doi.org/10.15585/mmwr.mm7027e2

40. Sun CLF, Ja�e E, Levi R. Increased emergency cardiovascular 
events among under-40 population in Israel during vaccine rollout 
and third COVID-19 wave. Sci Rep. 2022;12(1):6978. 
https://doi.org/10.1038/s41598-022-10928-z

41. Klein NP, Lewis N, Goddard K, Fireman B, Zerbo O, Hanson KE, et al. 
Surveillance for adverse events a�er COVID-19 mRNA vaccination. Jama. 
2021;326(14):1390-1399. http://dx.doi.org/10.1001/jama.2021.15072 

42. Hu M, Wong HL, Feng Y, Lloyd PC, Smith ER, Amend KL, et al. 
Safety of the BNT162b2 COVID-19 Vaccine in Children Aged 5 to 
17 Years. JAMA Pediatr. 2023;177(7):710-717.                  .         
http://dx.doi.org/10.1001/jamapediatrics.2023.1440 

43. Weiss SR. Myocarditis Cases A�er mRNA-Based COVID-19 
Vaccination in the US. JAMA. 2022;327(20):2019-2020.      .         
http://dx.doi.org/10.1001/jama.2022.5131

44. Old�eld PR, Gutschi M, McCullough PA, Speicher DJ. BioNTech’s 
COVID-19 modRNA Vaccines: Dangerous genetic mechanism of 
action released before su�cient preclinical testing. Journal of 
American Physicians and Surgeons. 2024;29(4):118-126.

45. Wiseman D, Guetzkow J, Seligmann H, Franzcog F. Booster Doses 
for P�zer-BioNtech Vaccine. Vaccines and Related Biological 
Products Advisory Committee. 2021. Available on: 
�le:///C:/Users/ADMIN/Downloads/FDA-2021-N-0965-0016_att
achment_1%20(1).pdf 

46. Hromić-Jahjefendić A, Sezer A, Aljabali AAA, Serrano-Aroca Á, 
Tambuwala MM, Uversky VN, et al. COVID-19 Vaccines and 
Myocarditis: An Overview of Current Evidence. Biomedicines. 
2023;11(5):1469. https://doi.org/10.3390/biomedicines11051469 

47. Rose J, Hulscher N, McCullough PA. Determinants of COVID-19 
vaccine-induced myocarditis. �er Adv Drug Saf. 2024;15: 
20420986241226566. https://doi.org/10.1177/20420986241226566 

48. Lee CW, Sa S, Hong M, Kim J, Shim SR, Han HW. Adverse Events 
and Safety Pro�le of the COVID-19 Vaccines in Adolescents: Safety 
Monitoring for Adverse Events Using Real-World Data. Vaccines. 
2022;10(5):744. https://doi.org/10.3390/vaccines10050744 

49. Jeon H-E, Lee S, Lee J, Roh G, Park H-J, Lee Y-S, et al. SARS-CoV2 
mRNA vaccine intravenous administration induces myocarditis in 
chronic in�ammation. PLoS ONE. 2024; 19(10): e0311726. 
https://doi.org/10.1371/journal.pone.0311726 

50. Awaya T, Hara H, Moroi M. Cytokine Storms and Anaphylaxis 
Following COVID-19 mRNA-LNP Vaccination: Mechanisms and 
�erapeutic Approaches. Diseases. 2024;12(10):231.      .         
https://doi.org/10.3390/diseases12100231 

51. Kosto� RN, Kanduc D, Porter AL, Shoenfeld Y, Calina D, Briggs 
MB, et al. Vaccine- and natural infection-induced mechanisms 
that could modulate vaccine safety. Toxicol Rep. 2020;7: 
1448-1458. https://doi.org/10.1016/j.toxrep.2020.10.016 

52. Diaconu R, Mirea O, Bălşeanu TA. Testosterone, cardiomyopathies, 
and heart failure: a narrative review. Asian J Androl. 
2021;23(4):348-356. https://doi.org/10.4103/aja.aja_80_20 

53. Miličić Stanić B, Maddox S, de Souza AMA, Wu X, Mehranfard D, 
Ji H, et al. Male bias in ACE2 basic science research: missed 
opportunity for discovery in the time of COVID-19. Am J Physiol 
Regul Integr Comp Physiol. 2021;320(6):R925-R937.      .         
https://doi.org/10.1152/ajpregu.00356.2020 

54. Fairweather D, Beetler DJ, Musigk N, Heidecker B, Lyle MA, 

Cooper LT Jr, et al. Sex and gender di�erences in myocarditis and 
dilated cardiomyopathy: An update. Front Cardiovasc Med. 
2023;10:1129348. https://doi.org/10.3389/fcvm.2023.1129348

55. Waqar A, Jain A, Joseph C, Srivastava K, Ochuba O, Alkayyali T, et 
al. Cardioprotective Role of Estrogen in Takotsubo Cardiomyopathy. 
Cureus. 2022;14(3):e22845. https://doi.org/10.7759/cureus.22845 

56. Akhtar SM, Gazzaz ZJ, Baig M, Majeed R, Hashmi AA. 
Association Between P�zer COVID-19 Vaccine Adverse E�ects 
and Diabetes Mellitus: A Prospective Multicenter Study. Cureus. 
2023;15(11):e48263. https://doi.org/10.7759/cureus.48263

57. Sutardi AQI, Ramatillah DL. Evaluation comparison between 
Sinovac and P�zer vaccine among indonesian children and 
teenagers under 18 years old. Int J Appl Pharm. 2022;14(2):22–30. 
https://dx.doi.org/10.22159/ijap.2022.v14s2.44745 

58. Piernas C, Patone M, Astbury NM, Gao M, Sheikh A, Khunti K, et al. 
Associations of BMI with COVID-19 vaccine uptake, vaccine 
e�ectiveness, and risk of severe COVID-19 outcomes a�er vaccination in 
England: a population-based cohort study. Lancet Diabetes Endocrinol. 
2022;10(8):571-580. https://doi.org/10.1016/S2213-8587(22)00158-9 

59. Ouaddouh C, Duijster JW, Lieber T, van Hunsel FP. �e role of 
co-morbidities in the development of an AEFI a�er COVID-19 
vaccination in a large prospective cohort with patient-reported 
outcomes in the Netherlands. Expert Opin Drug Saf. 2024;23 
(3):323-331. https://doi.org/10.1080/14740338.2023.2267971 

60. Bianchi FP, Rizzi D, Daleno A, Stefanizzi P, Migliore G, Tafuri S. 
Assessing the temporal and cause-e�ect relationship between 
myocarditis and mRNA COVID-19 vaccines. A retrospective 
observational study. Int J Infect Dis. 2024;141:106960.       .        
https://doi.org/10.1016/j.ijid.2024.02.003 

61. John NA, John J, Kamble P, Singhal A, Daulatabad V, Vamshidhar 
IS. COVID 19 vaccine in patients of hypercoagulable disorders: a 
clinical perspective. Horm Mol Biol Clin Investig. 
2021;43(1):89-96. https://doi.org/10.1515/hmbci-2021-0037 

62. Heil M. Self-DNA driven in�ammation in COVID-19 and a�er 
mRNA-based vaccination: lessons for non- COVID-19 
pathologies. Front Immunol. 2024;14:1259879.      .         
https://doi.org/10.3389/�mmu.2023.1259879 

63. Wu B, Ni H, Li J, Zhuang X, Zhang J, Qi Z, et al. �e Impact of 
Circulating Mitochondrial DNA on Cardiomyocyte Apoptosis and 
Myocardial Injury A�er TLR4 Activation in Experimental 
Autoimmune Myocarditis. Cell Physiol Biochem. 2017;42(2): 
713-728. https://doi.org/10.1159/000477889

64. Ittiwut C, Mahasirimongkol S, Srisont S, Ittiwut R, Chockjamsai 
M, Durongkadech P, et al. Genetic basis of sudden death a�er 
COVID-19 vaccination in �ailand. Heart Rhythm. 2022; 19: 
1874-1879. https://doi.org/10.1016/j.hrthm.2022.07.019 

65. She CH, Tsang HW, Yang X, Tsao SS, Tang CS, Chan SH, et al. 
Genome- wide association study of BNT162b2 vaccine-related 
myocarditis identi�es potential predisposing functional areas in 
Hong Kong adolescents. BMC Genom Data. 2024;25(1):51. 
https://doi.org/10.1186/s12863-024-01238-6 

66. Chen DP, Wen YH, Lin WT, Hsu FP. Association between the side 
e�ect induced by COVID-19 vaccines and the immune regulatory 
gene polymorphism. Front Immunol. 2022;13:941497. 
https://doi.org/10.3389/�mmu.2022.941497 

67. Bolze A, Mogensen TH, Zhang SY, Abel L, Andreakos E, Arkin LM, 
et al. Decoding the Human Genetic and Immunological Basis of 
COVID-19 mRNA Vaccine-Induced Myocarditis. J Clin Immunol. 
2022;42(7):1354-1359. https://doi.org/10.1007/s10875-022-01372-9

68. Patone M, Mei XW, Handunnetthi L, Dixon S, Zaccardi F, Shankar-Hari M, 
et al. Risk of myocarditis a�er sequential doses of COVID-19 vaccine and 
SARS-CoV-2 infection by age and sex. Circulation. 2022;146(10):743-754. 
https://doi.org/10.1161/CIRCULATIONAHA.122.059970

69. Buchan SA, Seo CY, Johnson C, Alley S, Kwong JC, Nasreen S, et al. 
Epidemiology of myocarditis and pericarditis following mRNA 
vaccination by vaccine product, schedule, and interdose interval among 
adolescents and adults in Ontario, Canada. JAMA Netw Open. 2022; 

5(6):e2218505. https://doi.org/10.1001/jamanetworkopen.2022.18505
70. Shar� KA, Dancoes DM, Longueil JL, Johnson ES, Lewis PF. Risk 

of myopericarditis following COVID‐19 mRNA vaccination in a 
large integrated health system: a comparison of completeness and 
timeliness of two methods. Pharmacoepidemiol Drug Saf. 
2022;31(8):921-925. https://doi.org/10.1002/pds.5439 

71. Stowe J, Miller E, Andrews N, Whitaker HJ. Risk of myocarditis and 
pericarditis a�er a COVID-19 mRNA vaccine booster and a�er 
COVID-19 in those with and without prior SARS-CoV-2 infection: 
A self-controlled case series analysis in England. PLoS Med. 2023; 
20(6):e1004245. https://doi.org/10.1371/journal.pmed.1004245

72. Li X, Lai FT, Chua GT, Kwan MY, Lau YL, Ip P, et al. Myocarditis 
following COVID-19 BNT162b2 vaccination among adolescents 
in Hong Kong. JAMA Pediatr. 2022;176(6):612-614. 
https://doi.org/10.1001/jamapediatrics.2022.0101

73. Chua GT, Kwan MYW, Chui CSL, Smith RD, Cheung ECL, Ma T, 
et al. Epidemiology of Acute Myocarditis/Pericarditis in Hong 
Kong Adolescents Following Comirnaty Vaccination. Clin Infect 
Dis. 2022;75(4):673-681. https://doi.org/10.1093/cid/ciab989 

74. Krug A, Stevenson J, Høeg TB. BNT162b2 Vaccine-Associated 
Myo/Pericarditis in Adolescents: A Strati�ed Risk-Bene�t Analysis. Eur 
J Clin Invest. 2022;52(5):e13759.    https://doi.org/10.1111/eci.13759 

75. Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, et al. 
Myocarditis a�er Covid-19 Vaccination in a Large Health Care 
Organization. N Engl J Med. 2021;385(23):2132-2139.       .  
https://doi.org/10.1056/NEJMoa2110737

76. Nygaard U, Holm M, Bohnstedt C, Chai Q, Schmidt LS, Hartling UB, 
et al. Population- based Incidence of Myopericarditis A�er COVID-19 
Vaccination in Danish Adolescents. Pediatr Infect Dis J. 
2022;41(1):e25-e28. https://doi.org/10.1097/INF.0000000000003389 

77. Mevorach D, Anis E, Cedar N, Bromberg M, Haas EJ, Nadir E, et 
al. Myocarditis a�er BNT162b2 mRNA vaccine against Covid-19 
in Israel. N Engl J Med. 2021;385(23):2140-2149.      .         
https://doi.org/10.1056/NEJMoa2109730

78. Foltran D, Delmas C, Flumian C, De Paoli P, Salvo F, Gautier S, et al. 
Myocarditis and pericarditis in adolescents a�er �rst and second doses 
of mRNA COVID-19 vaccines. Eur Heart J Qual Care Clin Outcomes. 
2022;8(2):99-103. https://doi.org/10.1093/ehjqcco/qcab090

79. Munro APS, Feng S, Janani L, Cornelius V, Aley PK, Babbage G, et al.; 
COV-BOOST study group. Safety, immunogenicity, and reactogenicity of 
BNT162b2 and mRNA-1273 COVID-19 vaccines given as fourth-dose 
boosters following two doses of ChAdOx1 nCoV-19 or BNT162b2 and a 
third dose of BNT162b2 (COV-BOOST): a multicentre, blinded, phase 2, 
randomised trial. Lancet Infect Dis. 2022;22(8):1131-1141. 
https://doi.org/10.1016/S1473-3099(22)00271-7

80. Uversky VN, Redwan EM, Makis W, Rubio-Casillas A. IgG4 
Antibodies Induced by Repeated Vaccination May Generate 
Immune Tolerance to the SARS-CoV-2 Spike Protein. Vaccines. 
2023;11(5):991. https://doi.org/10.3390/vaccines11050991 

81. Irrgang P, Gerling J, Kocher K, Lapuente D, Steininger P, Habenicht K, et 
al. Class switch toward nonin�ammatory, spike- speci�c IgG4 antibodies 
a�er repeated SARS-CoV-2 mRNA vaccination. Sci Immunol. 
2023;8(79):eade2798. https://doi.org/10.1126/sciimmunol.ade2798

82. Collier JL, Weiss SA, Pauken KE, Sen DR, Sharpe AH. 
Not-so-opposite ends of the spectrum: CD8+ T cell dysfunction 
across chronic infection, cancer and autoimmunity. Nat Immunol. 
2021;22(7):809-819. https://doi.org/10.1038/s41590-021-00949-7 

83. Liu J, Wang J, Xu J, Xia H, Wang Y, Zhang C, et al. Comprehensive 
investigations revealed consistent pathophysiological alterations 
a�er vaccination with COVID-19 vaccines. Cell Discov. 
2021;7(1):99. https://doi.org/10.1038/s41421-021-00329-3 

84. Ouranidis A, Vavilis T, Mandala E, Davidopoulou C, Stamoula E, 
Markopoulou CK, et al. mRNA �erapeutic Modalities Design, 
Formulation and Manufacturing under Pharma 4.0 Principles. Biomed. 
2021;10(1):50. https://doi.org/10.3390/biomedicines10010050 

85. Milano G, Gal J, Creisson A, Chamorey E. Myocarditis and COVID-19 
mRNA vaccines: a mechanistic hypothesis involving dsRNA. Future 

Virol. 2022;17(3):191-196. https://doi.org/10.2217/fvl-2021-0280 
86. Bourdon PS, Duriseti R, Gromoll HC, Dalton DK, Bardosh K, Krug 

AE. A Reanalysis of the FDA's Bene�t-Risk Assessment of Moderna's 
mRNA-1273 COVID Vaccine: For 18-25-Year-Old Males, Risks 
Exceeded Bene�ts Relative to Hospitalizations. arXiv preprint 
arXiv:2410.11811. 2024. https://doi.org/10.48550/arXiv.2410.11811 

87. Tan LJ, Koh CP, Lai SK, Poh WC, Othman MS, Hussin H. A 
systemic review and recommendation for an autopsy approach to 
death followed the COVID 19 vaccination. Forensic Sci Int. 
2022;340:111469. https://doi.org/10.1016/j.forsciint.2022.111469  

88. Foltran D, Sokolski M. Myocarditis Associated with COVID-19 Vaccination. 
Vaccines. 2024;12(10):1193. https://doi.org/10.3390/vaccines12101193 

89. Tinari S. �e EMA COVID-19 data leak, and what it tells us about mRNA 
instability. BMJ. 2021;372:n627. https://doi.org/10.1136/bmj.n627 

90. COVID-19 Vaccine Moderna. Committee for Medicinal Products 
for Human Use. European Medicines Agency. 2021. 
https://www.ema.europa.eu/en/documents/assessment-report/spi
kevax-previously-covid-19-vaccine-moderna-epar-public-assess
ment-report_en.pdf 

91. Comirnaty (COVID-19 mRNA Vaccine). European Medicines Agency. 2024:1-5. 
https://www.ema.europa.eu/en/documents/overview/comirnaty-epar-medicine-ov
erview_en.pdf 

92. Rosa SS, Prazeres DM, Azevedo AM, Marques MP. mRNA vaccines 
manufacturing: Challenges and bottlenecks. Vaccine. 2021;39 
(16):2190-2200. https://doi.org/10.1016/j.vaccine.2021.03.038 

93. Luo D, Wu Z, Wang D, Zhang J, Shao F, Wang S, et al. Lateral �ow 
immunoassay for rapid and sensitive detection of dsRNA contaminants 
in in vitro-transcribed mRNA products. Mol �er Nucleic Acids. 
2023;32:445-453. https://doi.org/10.1016/j.omtn.2023.04.005

94. Sene� S, Nigh G, Kyriakopoulos AM, McCullough PA. Innate 
immune suppression by SARS-CoV-2 mRNA vaccinations: �e role 
of G-quadruplexes, exosomes, and MicroRNAs. Food Chem 
Toxicol. 2022 ;164:113008. https://doi.org/10.1016/j.fct.2022.113008 

95. Li C, Lee A, Grigoryan L, Arunachalam PS, Scott MK, Trisal M, et 
al. Mechanisms of innate and adaptive immunity to the 
P�zer-BioNTech BNT162b2 vaccine. Nat Immunol. 
2022;23(4):543-555. https://doi.org/10.1038/s41590-022-01163-9  

96. Yu YB, Taraban MB, Briggs KT. All vials are not the same: potential 
role of vaccine quality in vaccine adverse reactions. Vaccine. 
2021;39(45):6565-6569. https://doi.org/10.1016/j.vaccine.2021.09.065 

97. Schmeling M, Manniche V, Hansen PR. Batch-dependent safety of 
the BNT162b2 mRNA COVID-19 vaccine. Eur J Clin Invest. 
2023;53(8):e13998. https://doi.org/10.1111/eci.13998 

98. Speicher DJ, Rose J, Gutschi LM, McKernan K. DNA fragments 
detected in monovalent and bivalent P�zer/BioNTech and 
Moderna modRNA COVID-19 vaccines from Ontario, Canada: 
Exploratory dose response relationship with serious adverse 
events. 2023. https://doi.org/10.31219/osf.io/mjc97

99. McKernan K, Helbert Y, Kane LT, McLaughlin S. Sequencing of 
bivalent Moderna and P�zer mRNA vaccines reveals nanogram to 
microgram quantities of expression vector dsDNA per dose. 2023. 
https://doi.org/10.31219/osf.io/b9t7 

100. Classen B. US COVID-19 vaccines proven to cause more harm 
than good based on pivotal clinical trial data analyzed using the 
proper scienti�c endpoint,“all cause severe morbidity”. Trends Int 
Med. 2021; 1 (1): 1-6. Available at:                        .         
https://healthyandfree.us/wp-content/uploads/2022/01/U.S.-Covi
d-19-Jabs-Proven-to-Cause-More-Harm-than-Good.pdf

101. Mead MN, Sene� S, Wol�nger R, Rose J, Denhaerynck K, Kirsch S, 
et al. COVID-19 modi�ed mRNA “vaccines”: Lessons learned 
from clinical trials, mass vaccination, and the bio-pharmaceutical 
complex, Part 1.  Int. J. Vaccine �eory Pract. Res. 2024;3(2):1112- 
1178. https://doi.org/10.56098/fdrasy50 

102. Benn CS, Schaltz-Buchholzer F, Nielsen S, Netea MG, Aaby P. 
Randomized clinical trials of COVID-19 vaccines: Do 
adenovirus-vector vaccines have bene�cial non-speci�c e�ects? 
Iscience. 2023;26(5):106733. https://doi.org/10.1016/j.isci.2023.106733 

103. Fraiman J, Erviti J, Jones M, Greenland S, Whelan P, Kaplan RM, et al. 
Serious adverse events of special interest following mRNA COVID-19 
vaccination in randomized trials in adults. Vaccine. 2022; 
40(40):5798-5805. https://doi.org/10.1016/j.vaccine.2022.08.036

104. Michels C, Perrier D, Kunadhasan J, Clark E, Gehrett J, Gehrett B, et 
al. Forensic analysis of the 38 subject deaths in the 6-month interim 
report of the P�zer/BioNTech BNT162b2 mRNA vaccine clinical 
trial. 2023:1-20. https://doi.org/10.20944/preprints202309.0131.v1 

105. Bergman F. P�zer caught hiding sudden deaths during Covid 
‘Vaccine’ trials. Substack. Dr. William Makis. 2024. Available at: 
https://substack.com/home/post/p-153921294

106. �omas SJ, Moreira Jr ED, Kitchin N, Absalon J, Gurtman A, 
Lockhart S, et al. Safety and e�cacy of the BNT162b2 mRNA 
Covid-19 vaccine through 6 months. N Engl J Med. 2021;385(19): 
1761-1773. https://doi.org/10.1056/NEJMoa2110345 

107. P�zer. Summary of clinical safety. New York, NY. 2021.Available at: 
https://phmpt.org/wp-content/uploads/2021/12/STN-125742_0_0
-Section-2.7.4-summary-clin-safety.pdf

108. P�zer. Periodic safety update report #3 for active substance: 
COVID-19 modmRNA vaccine, BNT162b2. BioNTech 
Manufacturing GmbH, Mainz, Germany. 2022. Available at: 
https://tkp.at/wp-content/uploads/2023/03/3.PSUR-1.pdf

109. Horowitz D. Con�dential P�zer document shows the company 
observed 1.6 million adverse events covering nearly every organ 
system. 2023. Available at:                        .         
https://www.globalresearch.ca/con�dential-p�zer-document-sho
ws-company-observed-1-6-million-adverse-events-covering-near
ly-every-organ-system/5823115

110. �e WarRoom DailyClout P�zer Documents Analysts. �e P�zer 
Papers: P�zer’s Crimes against Humanity. 2024:35.

111. P�zer. Pharmacovigilance Plan for Biologic License Application 
#125742 Of Covid-19 mRNA vaccine (nucleoside modi�ed) 
(BNT162b2, PF-07302048). Available at:        .         
https://phmpt.org/wp-content/uploads/2023/01/125742_S21_M1
_pharmacovigilance-plan.pdf 

112. Gehrett B, Gehrett J, Flowers C, Britt L. Report 53: 77% of 
Cardiovascular Adverse Events from P�zer’s mRNA COVID Shot 
Occurred in Women, as Well as in People Under Age 65. Two 
Minors Su�ered Cardiac Events. 2024:35. Available at: 
https://dailyclout.io/report-53-cardiovascular-adverse-events/  

113. Kuhbandner C, Reitzner M. Estimation of excess mortality in 
Germany during 2020-2022. Cureus. 2023;15(5): e39371. 
https://doi.org/10.7759/cureus.39371 

114. Aarstad J, Kvitastein OA. Is there a link between the 2021 
COVID-19 vaccination uptake in Europe and 2022 excess 
all-cause mortality? Asian Pac J Health Sci. 2023;10(1):25-31. 
http://dx.doi.org/10.21276/apjhs.2023.10.1.6 

115. Economidou EC, Soteriades ES. Excess mortality in Cyprus during 
the COVID-19 vaccination campaign. Vaccine. 2024;42(15):3375- 
3376. https://doi.org/10.1016/j.vaccine.2023.11.028

116. Raknes G, Fagerås SJ, Sveen KA, Júlíusson PB, Strøm MS. Excess 
non-COVID-19 mortality in Norway 2020–2022. BMC Public 
Health. 2024;24(1):244. https://doi.org/10.1186/s12889-023-17515-5

117. Mostert S, Hoogland M, Huibers M, Kaspers G. Excess mortality 
across countries in the Western World since the COVID-19 
pandemic: ‘Our World in Data’estimates of January 2020 to 
December 2022. BMJ Public Health. 2024;2(1). 
https://doi.org/10.1136/bmjph-2023-000282 

118. Mansanguan S, Charunwatthana P, Piyaphanee W, Dechkhajorn W, 
Poolcharoen A, Mansanguan C. Cardiovascular manifestation of the 
BNT162b2 mRNA COVID-19 vaccine in adolescents. Trop Med 
Infect Dis. 2022;7(8):196. https://doi.org/10.3390/tropicalmed7080196

119. Su WJ, Liu YL, Chang CH, Lin YC, Huang WI, Wu LC, et al. Risk of 
myocarditis and pericarditis following coronavirus disease 2019 
messenger RNA vaccination—a nationwide study. J Microbiol Immunol 
Infect. 2023;56(3):558-565. https://doi.org/10.1016/j.jmii.2023.01.016

120. Bozkurt B, Kamat I, Hotez PJ. Myocarditis with COVID-19 mRNA 

vaccines. Circulation. 2021;144(6):471-484.           .        
https://doi.org/10.1161/CIRCULATIONAHA.121.056135 

121. Chiu SN, Chen YS, Hsu CC, Hua YC, Tseng WC, Lu CW, et al. 
Changes of ECG parameters a�er BNT162b2 vaccine in the senior 
high school students. Eur J Pediatr. 2023;182(3):1155-1162. 
https://doi.org/10.1007/s00431-022-04786-0 

122. Buergin N, Lopez‐Ayala P, Hirsiger JR, Mueller P, Median D, Glarner 
N, et al. Sex‐speci�c di�erences in myocardial injury incidence a�er 
COVID‐19 mRNA‐1273 booster vaccination. Eur J Heart Fail. 
2023;25(10):1871-1881. https://doi.org/10.1002/ejhf.2978

123. Goyal M, Ray I, Mascarenhas D, Kunal S, Sachdeva RA, Ish P. 
Myocarditis post-SARS-CoV-2 vaccination: a systematic review. 
QJM. 2023;116(1):7-25. https://doi.org/10.1093/qjmed/hcac064

124. Schwab C, Domke LM, Hartmann L, Stenzinger A, Longerich T, 
Schirmacher P. Autopsy-based histopathological characterization of 
myocarditis a�er anti-SARS-CoV-2-vaccination. Clin Res Cardiol. 
2023;112(3):431-440. https://doi.org/10.1007/s00392-022-02129-5

125. Hulscher N, Alexander PE, Amerling R, Gessling H, Hodkinson R, 
Makis W, et al. A systematic review of autopsy �ndings in deaths 
a�er COVID-19 vaccination. Forensic Sci Int. 2024:112115. 
https://doi.org/10.1016/j.forsciint.2024.112115

126. Hulscher N, Hodkinson R, Makis W, McCullough PA. Autopsy 
�ndings in cases of fatal COVID‐19 vaccine‐induced myocarditis. 
ESC heart failure. 2024. https://doi.org/10.1002/ehf2.14680 

127. Liberale L, Badimon L, Montecucco F, Lüscher TF, Libby P, Camici 
GG. In�ammation, aging, and cardiovascular disease: JACC 
review topic of the week. J Am Coll Cardiol. 2022;79(8):837-847. 
https://doi.org/10.1016/j.jacc.2021.12.017 

128. Blaylock RL. COVID UPDATE: What is the truth? Surg Neurol 
Int. 2022;13:167. https://doi.org/10.25259/SNI_150_2022

129. Larson KF, Ammirati E, Adler ED, Cooper Jr LT, Hong KN, 
Saponara G, et al. Myocarditis a�er BNT162b2 and mRNA-1273 
vaccination. Circulation. 2021;144(6):506-508.             .         
https://doi.org/10.1161/CIRCULATIONAHA.121.055913 

130. Engler RJ, Montgomery JR, Spooner CE, Nelson MR, Collins LC, 
Ryan MA, et al. Myocarditis and pericarditis recovery following 
smallpox vaccine 2002–2016: A comparative observational cohort 
study in the military health system. PloS one. 2023;18(5): 
e0283988. https://doi.org/10.1371/journal.pone.0283988

131. Grabenstein JD, Winkenwerder Jr W. US military smallpox 
vaccination program experience. Jama. 2003;289(24):3278-3282. 
https://doi.org/10.1001/jama.289.24.3278

132. Military Community Demographics, 2021.                   .        
https://www.militar yonesource.mil/data-research-and- 
statistics/military-community-demographics/ 

133. Deputy Secretary of Defense. Mandatory coronavirus disease 2019 
vaccination of DoD civilian employees. 2021.            .    
https://media.defense.gov/2021/Oct/04/2002867430/-1/-1/0/MA
NDATORY-CORONAVIRUS-DISEASE-2019-VACCINATION-
OF-DOD-CIVILIAN-EMPLOYEES-OSD008990-21-RESP-FINA
L.PDF

134. Romero E, Fry S, Hooker B. Safety of mRNA vaccines administered 
during the �rst twenty-four months of the International COVID-19 
vaccination program. Int J Vaccine �eory Pract Res. 
2023;3(1):891-910. https://doi.org/10.56098/ijvtpr.v3i1.70

135. Hurley P, Krohn M, LaSala T, Leavitt R, MacDonald CS, Nolan P, Rulis S, 
Sawyer M. Group Life COVID-19 Mortality Survey Report. Society of 
Actuaries Research Institute, Schaumburg, Illinois. 2023. Available at  
https://www.soa.org/resources/experience-studies/2023/group-life-covid-
mort-06-23/

136. Dowd E. " Cause Unknown": �e Epidemic of Sudden Deaths in 
2021 & 2022. Simon and Schuster; 2022.

137. Quarterly Excess Death Rate Analysis. Centers for Disease Control 
and Prevention. Phinance Technologies. 2023.            .    
https://phinancetechnologies.com/HumanityProjects/Quarterly%
20Excess%20Death%20Rate%20Analysis%20-%20US.htm    

138. �e Vigilant Fox. Edward Dowd presents irrefutable evidence vaccine 

mandates killed and disabled countless Americans. 2023. Available at: 
https://dailyclout.io/edward-dowd-presents-irrefutable-evidence-vacc
ine-mandates-killed-disabled-countless-americans/

139. McLachlan S, Osman M, Dube K, Chiketero P, Choi Y, Fenton N. 
Analysis of COVID-19 vaccine death reports from the Vaccine 
Adverse Events Reporting System (VAERS) database interim: Results 
and analysis. 2021:1-17. https://doi.org/10.13140/RG.2.2.26987.26402

140. Shimabukuro TT, Nguyen M, Martin D, DeStefano F. Safety monitoring 
in the vaccine adverse event reporting system (VAERS). Vaccine. 
2015;33(36):4398-4405. https://doi.org/10.1016/j.vaccine.2015.07.035

141. Amir M, Latha S, Sharma R, Kumar A. Association of cardiovascular 
events with COVID-19 vaccines using vaccine adverse event reporting 
system (VAERS): A retrospective study. Curr Drug Saf. 2024;19(3):402-406. 
https://doi.org/10.2174/0115748863276904231108095255

142. Varricchio F, Iskander J, Destefano F, Ball R, Pless R, Braun MM, 
Chen RT. Understanding vaccine safety information from the 
vaccine adverse event reporting system. Pediatr Infect Dis J. 2004; 
23(4):287-294. https://doi.org/10.1097/00006454-200404000-00002 

143. Lazarus R, Klompas M, Bernstein S. Electronic Support for Public 
Health–Vaccine Adverse Event Reporting System (ESP: VAERS). 
Grant. Final Report, Grant ID: R18 HS. 2010;17045. Available at: 
https://www.corruptedsystem.com/uploads/r18hs017045-lazarus-
�nal-report-2011.pdf

144. Montag K, Kampf G. Hospitalised Myocarditis and pericarditis 
cases in germany indicate a higher post-vaccination risk for young 
people mainly a�er COVID-19 vaccination. J Clin Med. 
2022;11(20):6073. https://doi.org/10.3390/jcm11206073 

145. Rose J. Critical appraisal of VAERS pharmacovigilance: Is the US 
vaccine adverse events reporting system (VAERS) a functioning 
pharmacovigilance system. Publ Health Pol the Law. 
2021;3:100-129.

146. Yan MM, Zhao H, Li ZR, Chow JW, Zhang Q, Qi YP, et al. Serious 
adverse reaction associated with the COVID-19 vaccines of 
BNT162b2, Ad26. COV2. S, and mRNA-1273: gaining insight 
through the VAERS. Frontiers in pharmacology. 2022;13:921760. 
https://doi.org/10.3389/fphar.2022.921760

147. Cadegiani FA. Catecholamines Are the Key Trigger of COVID-19 
mRNA Vaccine-Induced Myocarditis: A Compelling Hypothesis 
Supported by Epidemiological, Anatomopathological, Molecular, 
and Physiological Findings. Cureus. 2022;14(8):e27883. 
https://doi.org/10.7759/cureus.27883

148. Choi S, Lee S, Seo JW, Kim MJ, Jeon YH, Park JH, et al. 
Myocarditis-induced sudden death a�er BNT162b2 mRNA 
COVID-19 vaccination in Korea: Case report focusing on 
histopathological �ndings. J Korean Med Sci. 2021;36(40):e286. 
https://doi.org/10.3346/jkms.2021.36.e286

149. Gill JR, Tashjian R, Duncanson E. Autopsy histopathologic cardiac 
�ndings in 2 adolescents following the second COVID-19 vaccine 
dose. Arc Path Lab Med. 2022;146(8):925-929.      .         
https://doi.org/10.5858/arpa.2021-0435-SA

150. Park JH, Kim KH. COVID-19 vaccination-related myocarditis: 
what we learned from our experience and what we need to do in 
the future. Korean Circ J. 2024;54(6):295-310.      .         
https://doi.org/10.4070/kcj.2024.0065 

151. Bille K, Figueiras D, Schamasch P, Kappenberger L, Brenner JI, 
Meijboom FJ, et al. Sudden cardiac death in athletes: the Lausanne 
Recommendations. Eur J Cardiovasc Prev Rehabil. 2006;13(6): 
859-875. https://doi.org/10.1097/01.hjr.0000238397.50341.4a

152. Polykretis P, McCullough PA. Rational harm-bene�t assessments by 
age group are required for continued COVID-19 vaccination. Scand 
J Immunol. 2023;98(1):e13242. https://doi.org/10.1111/sji.13242 

153. Alexander LK, Small JD, Edwards S, Baric RS. An experimental 
model for dilated cardiomyopathy a�er rabbit coronavirus 
infection. J Infect Dis. 1992;166(5):978-985.            .         
https://doi.org/10.1093/infdis/166.5.978 

154. Alexander LK, Keene BW, Yount BL, Geratz JD, Small JD, Baric RS. 
ECG changes a�er rabbit coronavirus infection. J Electrocardiol. 

1999;32(1):21-32. https://doi.org/10.1016/S0022-0736(99)90018-3 
155. Long B, Brady WJ, Koyfman A, Gottlieb M. Cardiovascular 

complications in COVID-19. Am J Emerg Med. 
2020;38(7):1504-1507. https://doi.org/10.1016/j.ajem.2020.04.048 

156. Hudowenz O, Klemm P, Lange U, Rolf A, Schultheiss HP, Hamm 
C, et al. Case report of severe PCR-con�rmed COVID-19 
myocarditis in a European patient manifesting in mid January 
2020. Eur Heart J Case Rep. 2020;4(6):1-6.         .         
https://doi.org/10.1093/ehjcr/ytaa286 

157. Papageorgiou JM, Almroth H, Törnudd M, van der Wal H, 
Varelogianni G, Lawesson SS. Fulminant myocarditis in a 
COVID-19 positive patient treated with mechanical circulatory 
support - a case report. Eur Heart J Case Rep. 2020;5(2):ytaa523. 
https://doi.org/10.1093/ehjcr/ytaa523

158. ACC Underscores Safety of COVID-19 Vaccine. American College 
of Cardiology. 2022. Available on:                   .         
https://www.acc.org/Latest-in-Cardiology/Articles/2022/10/14/15
/13/ACC-Underscores-Safety-of-COVID-19-Vaccine

159. Chung MK, Zidar DA, Bristow MR, Cameron SJ, Chan T, Harding 
CV III, et al. COVID-19 and Cardiovascular Disease: From Bench 
to Bedside. Circ Res. 2021;128(8):1214-1236.            .         
https://doi.org/10.1161/CIRCRESAHA.121.317997 

160. McCarthy C, Li S, Wang TY, Raber I, Sandoval Y, Smilowitz NR, et 
al. Implementation of High-Sensitivity Cardiac Troponin Assays 
in the United States. J Am Coll Cardiol. 2023;81(3):207-219. 
https://doi.org/10.1016/j.jacc.2022.10.017

161. Gottlieb M, Sansom S, Frankenberger C, Ward E, Hota B. Clinical 
Course and Factors Associated with Hospitalization and Critical 
Illness Among COVID-19 Patients in Chicago, Illinois. Acad 
Emerg Med. 2020;27(10):963-973.               .         
https://doi.org/10.1111/acem.14104 

162. Chauin A. �e Main Causes and Mechanisms of Increase in Cardiac 
Troponin Concentrations Other �an Acute Myocardial Infarction 
(Part 1): Physical Exertion, In�ammatory Heart Disease, 
Pulmonary Embolism, Renal Failure, Sepsis. Vasc Health Risk 
Manag. 2021;17:601-617. https://doi.org/10.2147/VHRM.S327661 

163. Chuang AM, Nguyen MT, Kung WM, Lehman S, Chew DP. 
High-sensitivity troponin in chronic kidney disease: Considerations 
in myocardial infarction and beyond. Rev Cardiovasc Med. 
2020;21(2):191-203. https://doi.org/10.31083/J.RCM.2020.02.17 

164. Siripanthong B, Nazarian S, Muser D, Deo R, Santangeli P, Khanji 
MY, et al. Recognizing COVID-19-related myocarditis: �e 
possible pathophysiology and proposed guideline for diagnosis 
and management. Heart Rhythm. 2020;17(9):1463-1471. 
https://doi.org/10.1016/j.hrthm.2020.05.001 

165. Castiello T, Georgiopoulos G, Finocchiaro G, Claudia M, Gianatti 
A, Delialis D, et al. COVID-19 and myocarditis: a systematic 
review and overview of current challenges. Heart Fail Rev. 
2022;27(1):251-261. https://doi.org/10.1007/s10741-021-10087-9 

166. Mele D, Flamigni F, Rapezzi C, Ferrari R. Myocarditis in COVID-19 
patients: current problems. Intern Emerg Med. 2021;16 
(5):1123-1129. https://doi.org/10.1007/s11739-021-02635-w 

167. Alcoba G, Keitel K, Maspoli V, Lacroix L, Manzano S, Gehri M, et 
al. A three-step diagnosis of pediatric pneumonia at the 
emergency department using clinical predictors, C- reactive 
protein, and pneumococcal PCR. Eur J Pediatr. 
2017;176(6):815-824. https://doi.org/10.1007/s00431-017-2913-0

168. Karbalai Saleh S, Oraii A, Soleimani A, Hadadi A, Shajari Z, Montazeri 
M, et al. �e association between cardiac injury and outcomes in 
hospitalized patients with COVID-19. Intern Emerg Med. 
2020;15(8):1415-1424. https://doi.org/10.1007/s11739-020-02466-1

169. Jalali F, Hatami F, Saravi M, Jafaripour I, Hedayati MT, Amin K, et 
al. Characteristics and outcomes of hospitalized patients with 
cardiovascular complications of COVID-19. J Cardiovasc �orac 
Res. 2021;13(4):355-363. https://doi.org/10.34172/jcvtr.2021.53 

170. Held KS. COVID-19 statistics and facts: Meaningful or a means of 
manipulation? J Am Physicians Surg. 2020; 25(3), 70-72. 

https://jpands.org/vol25no3/held.pdf 
171. Tom MR, Mina MJ. To Interpret the SARS-CoV-2 Test, Consider 

the Cycle �reshold Value. Clin Infect Dis. 2020;71(16):2252- 
2254. https://doi.org/10.1093/cid/ciaa619 

172. Doshi P, Powers JH. Determining the Infectious Potential of 
Individuals with Positive Reverse- Transcription Polymerase 
Chain Reaction Severe Acute Respiratory Syndrome Coronavirus 
2 Tests. Clin Infect Dis. 2021;73(11):e3900-e3901.          .         
https://doi.org/10.1093/cid/ciaa1819 

173. Je�erson T, Spencer EA, Brassey J, Heneghan C. Viral Cultures for 
Coronavirus Disease 2019 Infectivity Assessment: A Systematic 
Review. Clin Infect Dis. 2021;73(11):e3884-e3899.      .         
https://doi.org/10.1093/cid/ciaa1764 

174. McLeod D, Martins I, Pelech S, Beck C, Shaw CA. Dispelling the 
myth of a pandemic of the unvaccinated. Int J Vaccine �eory Pract 
Res. 2021; 2(1), 267–286. https://doi.org/10.56098/ijvtpr.v2i1.38 

175. Buitrago-Garcia D, Ipekci AM, Heron L, Imeri H, 
Araujo-Chaveron L, Arevalo-Rodriguez I, et al. Occurrence and 
transmission potential of asymptomatic and presymptomatic 
SARS-CoV-2 infections: Update of a living systematic review and 
meta-analysis. PLoS Med. 2022;19(5):e1003987.      .         
https://doi.org/10.1371/journal.pmed.1003987 

176. Gao W, Lv J, Pang Y, Li LM. Role of asymptomatic and 
pre-symptomatic infections in covid-19 pandemic. BMJ. 
2021;375:n2342. https://doi.org/10.1136/bmj.n2342

177. Bergeri I, Whelan MG, Ware H, Subissi L, Nardone A, Lewis HC, 
et al.; Unity Studies Collaborator Group. Global SARS-CoV-2 
seroprevalence from January 2020 to April 2022: A systematic 
review and meta- analysis of standardized population-based 
studies. PLoS Med. 2022;19(11):e1004107.      .         
https://doi.org/10.1371/journal.pmed.1004107 

178. Azami M, Moradi Y, Moradkhani A, Aghaei A. SARS-CoV-2 
seroprevalence around the world: an updated systematic review 
and meta-analysis. Eur J Med Res. 2022;27(1):81.      .         
https://doi.org/10.1186/s40001-022-00710-2 

179. Kucirka LM, Lauer SA, Laeyendecker O, Boon D, Lessler J. 
Variation in False-Negative Rate of Reverse Transcriptase 
Polymerase Chain Reaction-Based SARS-CoV-2 Tests by Time 
Since Exposure. Ann Intern Med. 2020;173(4):262-267. 
https://doi.org/10.7326/M20-1495 

180. Mina MJ, Parker R, Larremore DB. Rethinking Covid-19 Test 
Sensitivity - A Strategy for Containment. N Engl J Med. 
2020;383(22):e120. https://doi.org/10.1056/NEJMp2025631

181. Caplan A, Bates KW, Brioni C, Santos A, Sabatini LM, Kaul KL, et al. 
Clinical characteristics and viral load dynamics of COVID-19 in a 
mildly or moderately symptomatic outpatient sample. PLoS One. 
2021;16(10):e0258970. https://doi.org/10.1371/journal.pone.0258970 

182. Klein H, Asseo K, Karni N, Benjamini Y, Nir-Paz R, Muszkat M, et 
al. Onset, duration and unresolved symptoms, including smell and 
taste changes, in mild COVID-19 infection: a cohort study in 
Israeli patients. Clin Microbiol Infect. 2021;27(5):769–774. 
https://doi.org/10.1016/j.cmi.2021.02.008 

183. Russell TW, Golding N, Hellewell J, Abbott S, Wright L, Pearson 
CAB, et al. Reconstructing the early global dynamics of 
under-ascertained COVID-19 cases and infections. BMC Med. 
2020;18(1):332. https://doi.org/10.1186/s12916-020-01790-9 

184. Havers FP, Reed C, Lim T, Montgomery JM, Klena JD, Hall AJ, et al. 
Seroprevalence of Antibodies to SARS-CoV-2 in 10 Sites in the 
United States, March 23-May 12, 2020. JAMA Intern Med. 2020;180 
(12):1576-1586. https://doi.org/10.1001/jamainternmed.2020.4130 

185. Estimated COVID-19 Burden. United States Centers for Disease 
Control and Prevention. 2021. Available at:      .         
https://archive.cdc.gov/www_cdc_gov/coronavirus/2019-ncov/ca
ses-updates/burden.html 

186. Ferguson N, Ghani A, Hinsley W, Volz E. Report 50: 
Hospitalisation risk for Omicron cases in England. Imperial 
College London. 2021:1-12. https://doi.org/10.25561/93035 

187. Gaughan C, Massie L, Braunholtz D, Howells T, Fordham E. Coronavirus 
(COVID-19) Infection Survey Technical Article: Cumulative Incidence of 
the Number of People Who Have Tested Positive for COVID-19, UK. 
O�ce for National Statistics. 2023.Available at:          .         
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocial
care/conditionsanddiseases/articles/coronaviruscovid19infectionsurveytec
hnicalarticlecumulativeincidenceo�henumberofpeoplewhohavebeeninfec
tedwithcovid19byvariantandageengland/9february2023 

188. Bourdon PS, Pantazatos SP. Why a major study on myocarditis risk 
following COVID vaccination should not in�uence public-health policy. 
Front. Med. 2023; 10:1126945. https://doi.org/10.3389/fmed.2023.1126945

189. Knudsen B, Prasad V. COVID-19 vaccine induced myocarditis in 
young males: A systematic review. Eur J Clin Invest. 
2023;53(4):e13947. https://doi.org/10.1111/eci.13947 

190. Cordero A, Cazorla D, Escribano D, Quintanilla MA, López-Ayala 
JM, Berbel PP, et al. Myocarditis a�er RNA-based vaccines for 
coronavirus. Int J Cardiol. 2022;353:131-134.           .         
https://doi.org/10.1016/j.ijcard.2022.01.037 

191. Wang M, Wen W, Zhou M, Wang C, Feng ZH. Meta-Analysis of 
Risk of Myocarditis A�er Messenger RNA COVID-19 Vaccine. 
Am J Cardiol. 2022;167:155-157.                    .        
https://doi.org/10.1016/j.amjcard.2021.12.007

192. Kämmerer U, Pekova S, Klement R, Louwen R, Borger P, Steger K. 
RT-PCR test targeting the conserved 5’-UTR of SARS-CoV-2 
overcomes shortcomings of the �rst WHO-recommended 
RT-PCR test. Int J Vaccine �eory Pract Res. 2023; 3(1):818-846. 
https://doi.org/10.56098/ijvtpr.v3i1.71  

193. Franchi F, Tomsic J. Comments on Kämmerer, et al. Regarding 
RT-PCR Testing. Int J Vaccine �eory Pract Res. 2023; 3(1), 
846.1-846.4. https://doi.org/10.56098/ijvtpr.v3i1.82

194. Patterson BK, Yogendra R, Francisco EB, Long E, Pise A, Osgood E, et 
al. Persistence of S1 spike protein in CD16+ monocytes up to 245 days 
in SARS-CoV-2 negative post COVID-19 vaccination individuals with 
post-acute sequalae of COVID-19 (PASC)-like symptoms. medRxiv. 
2024:2024-2103. https://doi.org/10.1101/2024.03.24.24304286 

195. Parry PI, Lefringhausen A, Turni C, Neil CJ, Cosford R, Hudson 
NJ, et al. 'Spikeopathy': COVID-19 Spike Protein Is Pathogenic, 
from Both Virus and Vaccine mRNA. Biomedicines. 
2023;11(8):2287. https://doi.org/10.3390/biomedicines11082287

196. Patel P, �ompson PD. Diagnosing COVID-19 myocarditis in 
athletes using cMRI. Trends Cardiovasc Med. 2022;32(3):146-150. 
https://doi.org/10.1016/j.tcm.2021.12.009 

197. Shave R, George KP, Atkinson G, Hart E, Middleton N, Whyte G, 
et al. Exercise- induced cardiac troponin T release: a 
meta-analysis. Med Sci Sports Exerc. 2007;39(12):2099–2106. 
https://doi.org/10.1249/mss.0b013e318153�78 

198. Małek ŁA, Marczak M, Miłosz-Wieczorek B, Konopka M, Braksator 
W, Drygas W et al. Cardiac involvement in consecutive elite athletes 
recovered from COVID-19: a magnetic resonance study. J Magn 
Reson Imaging. 2021. https://doi.org/10.1002/jmri.27513 

199. Maestrini V, Merghani A, Rosmini S, Cox A, Bulluck H, Culotta V, 
et al. CMR �ndings in high endurance veteran athletes - a 247 
subject study. J Cardiovasc Magn Reson. 2016;18(1):O38. 
https://doi.org/10.1186/1532-429X-18-S1-O38

200. Clark DE, Parikh A, Dendy JM, Diamond AB, George-Durrett K, Fish 
FA, et al. COVID-19 myocardial pathology evaluation in athletes with 
cardiac magnetic resonance (COMPETE CMR). Circulation. 2021;143 
(6):609-612. https://doi.org/10.1161/CIRCULATIONAHA.120.052573

201. Daniels CJ, Rajpal S, Greenshields JT, Rosenthal GL, Chung EH, 
Terrin M, et al. Prevalence of clinical and subclinical myocarditis in 
competitive athletes with recent SARS-CoV-2 infection: results 
from the big ten COVID-19 cardiac registry. JAMA Cardiol. 2021;6 
(9):1078-1087. https://doi.org/10.1001/jamacardio.2021.2065

202. Fenton N, Neil M. Fighting Goliath: Exposing the �awed science 
and statistics behind the COVID-19 event. Sovereign Rights 
Publishing. 2024.

203. Birtolo LI, Di Pietro G, Ciu�reda A, Improta R, Monosilio S, Prosperi 

S, et al. �e impact of vaccination status on post-acute sequelae in 
hospitalized COVID- 19 survivors using a multi-disciplinary 
approach: An observational single center study. Heliyon. 
2024;10(22):e40409. https://doi.org/10.1016/j.heliyon.2024.e40409 

204. Andrews CD, Parker EPK, Horne E, Walker V, Palmer T, Scha�er 
AL, et al. OpenSAFELY: E�ectiveness of COVID-19 vaccination in 
children and adolescents. medRxiv. 2024:2024-2105.      .          
https://doi.org/10.1101/2024.05.20.24306810

205. Boehmer TK, Kompaniyets L, Lavery AM, Hsu J, Ko JY, Yusuf H, 
et al. Association Between COVID-19 and Myocarditis Using 
Hospital-Based Administrative Data - United States, March 
2020-January 2021. MMWR Morb Mortal Wkly Rep. 2021;70(35): 
1228-1232. http://dx.doi.org/10.15585/mmwr.mm7035e5

206. Klement RJ, Walach H. Commentary: raised c-troponin levels as a 
sign of myocardial injury a�er COVID- 19 vaccination in healthy 
individuals are worrying. Egypt Heart J. 2024;76(1):16. 
https://doi.org/10.1186/s43044-024-00441-1

207. Alhussein MM, Rabbani M, Sarak B, Dykstra S, Labib D, Flewitt J, 
et al. Natural history of myocardial injury a�er COVID-19 
vaccine–associated myocarditis. Can J Cardiol. 2022;38(11):1676- 
1683. https://doi.org/10.1016/j.cjca.2022.07.017

208. Nakahara T, Iwabuchi Y, Miyazawa R, Tonda K, Shiga T, Strauss 
HW, et al. Assessment of myocardial 18F-FDG uptake at PET/CT 
in asymptomatic SARS-CoV-2–vaccinated and nonvaccinated 
patients. Radiol. 2023;308(3):e230743.                    .         
https://doi.org/10.1148/radiol.230743

209. Harris KM, Mackey-Bojack S, Bennett M, Nwaudo D, Duncanson 
E, Maron BJ. Sudden unexpected death due to myocarditis in 
young people, including athletes. Am J Cardiol. 2021;143:131-134. 
https://doi.org/10.1016/j.amjcard.2020.12.028

210. Markwerth P, Bajanowski T, Tzimas I, Dettmeyer R. Sudden 
cardiac death—update. Int J Legal Med. 2021;135:483-495. 
https://doi.org/10.1007/s00414-020-02481-z

211. Ammirati E, Frigerio M, Adler ED, Basso C, Birnie DH, Brambatti M, et al. 
Management of acute myocarditis and chronic in�ammatory 
cardiomyopathy: an expert consensus document. Circ Heart Fail. 2020;13 
(11):e007405. https://doi.org/10.1161/CIRCHEARTFAILURE.120.007405

212. McGonagle D, Giryes S. An immunology of coronary atherosclerosis 
and unexplained sudden death in the COVID-19 era. Autoimmun 
Rev. 2024;103642. https://doi.org/10.1016/j.autrev.2024.103642

213. Sousa PM, Silva EA, Campos MA, Lages JS, Corrêa RD, Silva GE. 
Fatal myocarditis following COVID-19 mrna immunization: a 
case report and di�erential diagnosis review. Vaccines. 
2024;12(2):194. https://doi.org/10.3390/vaccines12020194

214. Lynge TH, Nielsen TS, Winkel BG, Tfelt-Hansen J, Banner J. Sudden 
cardiac death caused by myocarditis in persons aged 1–49 years: a 
nationwide study of 14 294 deaths in Denmark. Forensic Sci. Res. 
2019;4(3):247-256. https://doi.org/10.1080/20961790.2019.1595352

215. Ali-Ahmed F, Dalgaard F, Al-Khatib SM. Sudden cardiac death in patients 
with myocarditis: Evaluation, risk strati�cation, and management. Am 
Heart J. 2020;220:29-40. https://doi.org/10.1016/j.ahj.2019.08.007

216. Richter S, Schwab T, Berchthold-Herz M, Beyersdorf F, Schlensak 
C, Bode C, et al. Borderline-Myokarditis als Auslöser für 
therapierefraktäres Kammer�immern. Intensivmed. 2008;45(5): 
287-291. https://doi.org/10.1007/s00390-008-0865-3

217. De Salvia A, De Leo D, Carturan E, Basso C. Sudden cardiac death, 
borderline myocarditis and molecular diagnosis: evidence or 
assumption?. Med Sci Law. 2011;51(1_suppl):27-29.      .         
https://doi.org/10.1258/msl.2010.010056 

218. Makis, W. Personal communications.2024
219. Hulscher N, Cook M, Stricker R, McCullough PA. Excess 

cardiopulmonary arrest and mortality a�er COVID-19 
vaccination in King County, Washington. 2024.            .         
https://www.preprints.org/manuscript/202405.1665/v1 

220. Yeo YH, Wang M, He X, Lv F, Zhang Y, Zu J, et al. Excess risk for 
acute myocardial infarction mortality during the COVID‐19 
pandemic. J Med Virol. 2023;95(1):e28187.                .         

https://doi.org/10.1002/jmv.28187 
221. Martin SS, Aday AW, Almarzooq ZI, Anderson CA, Arora P, Avery CL, et 

al. 2024 heart disease and stroke statistics: a report of US and global data 
from the American Heart Association. Circulation. 2024;149(8):e347-e913. 
https://doi.org/10.1161/CIR.0000000000001209 

222. Janus SE, Makhlouf M, Chahine N, Motairek I, Al-Kindi SG. 
Examining disparities and excess cardiovascular mortality before 
and during the COVID-19 pandemic. Mayo Clin Proc. 2022;97(12): 
2206-2214. https://doi.org/10.1016/j.mayocp.2022.07.008

223. Woodru� RC, Tong X, Khan SS, Shah NS, Jackson SL, Loustalot F, 
et al. Trends in cardiovascular disease mortality rates and excess 
deaths, 2010–2022. Am J Prev Med. 2024;66(4):582-589. 
https://doi.org/10.1016/j.amepre.2023.11.009

224. Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, et al. 
Myocarditis a�er Covid-19 vaccination in a large health care 
organization.  N Engl J Med. 2021;385(23):2132-2139.      .         
https://doi.org/10.1056/NEJMoa2110737

225. Ferreira JP, Machu JL, Girerd N, Jaisser F, �um T, Butler J, et al. 
Rationale of the FIBROTARGETS study designed to identify novel 
biomarkers of myocardial �brosis. ESC Heart Fail. 2018;5(1): 
139-148. https://doi.org/10.1002/ehf2.12218

226. Tzahor E, Poss KD. Cardiac regeneration strategies: staying young 
at heart. Science. 2017;356(6342):1035-1039.        .         
https://doi.org/10.1126/science.aam5894

227. Barmada A, Klein J, Ramaswamy A, Brodsky NN, Jaycox JR, 
Sheikha H, et al. Cytokinopathy with aberrant cytotoxic 
lymphocytes and pro�brotic myeloid response in SARS-CoV-2 
mRNA vaccine–associated myocarditis. Sci Immunol. 2023;8(83): 
eadh3455. https://doi.org/10.1126/sciimmunol.adh3455

228. Yu CK, Tsao S, Ng CW, Chua GT, Chan KL, Shi J, et al. 
Cardiovascular assessment up to one year a�er COVID-19 
vaccine–associated myocarditis. Circ. 2023;148(5):436-439. 
https://doi.org/10.1161/CIRCULATIONAHA.123.064772

229. Brociek E, Tymińska A, Giordani AS, Caforio AL, Wojnicz R, 
Grabowski M, et al. Myocarditis: etiology, pathogenesis, and their 
implications in clinical practice. Biol. 2023;12(6):874. 
https://doi.org/10.3390/biology12060874

230. Jain SS, Anderson SA, Steele JM, Wilson HC, Muniz JC, Soslow 
JH, et al. Cardiac manifestations and outcomes of COVID-19 
vaccine-associated myocarditis in the young in the USA: 
longitudinal results from the Myocarditis A�er COVID 
Vaccination (MACiV) multicenter study. EClinicalMedicine. 
2024;76. https://doi.org/10.1016/j.eclinm.2024.102809

231. Sharma AN, Stultz JR, Bellamkonda N, Amsterdam EA. 
Fulminant myocarditis: epidemiology, pathogenesis, diagnosis, 
and management. Am J Cardiol. 2019;124(12):1954-1960. 
https://doi.org/10.1016/j.amjcard.2019.09.017

232. Chau EM, Chow WH, Chiu CS, Wang E. Treatment and outcome 
of biopsy-proven fulminant myocarditis in adults. Int J Cardiol. 
2006;110(3):405-406. https://doi.org/10.1016/j.ijcard.2005.07.082

233. Jiang J, Wang DW. Follow-Up and Long-Term Prognosis of 
Myocarditis and Fulminant Myocarditis. InFulminant Myocarditis 
2022;277-288.  https://doi.org/10.1007/978-981-19-5759-8_19

234. Lindner D, Fitzek A, Bräuninger H, Aleshcheva G, Edler C, Meissner 
K, et al. Association of cardiac infection with SARS-CoV-2 in 
con�rmed COVID-19 autopsy cases. JAMA Cardiol. 2020;5(11): 
1281-1285. https://doi.org/doi:10.1001/jamacardio.2020.3551

235. Watanabe S, Hama R. SARS-CoV-2 vaccine and increased myocarditis 
mortality risk: A population based comparative study in Japan. 
medRxiv. 2022:2022-10. https://doi.org/10.1101/2022.10.13.22281036

236. Abrams JY, Oster ME, Godfred-Cato SE, Bryant B, Datta SD, Campbell 
AP, et al. Factors linked to severe outcomes in multisystem 
in�ammatory syndrome in children (MIS-C) in the USA: a 
retrospective surveillance study. Lancet Child Adolesc Health. 2021; 
5(5):323-331. https://doi.org/10.1016/S2352-4642(21)00050-X

237. Verma AK, Lavine KJ, Lin CY. Myocarditis a�er Covid-19 mRNA 
vaccination. N Engl J Med. 2021;385(14):1332-1334.      .         

https://www.nejm.org/doi/full/10.1056/NEJMc2109975
238. Shime M, Nozaki Y, Morita A, Ishiodori T, Murakami T, Yamasaki 

H, et al. Life‐threatening severe acute respiratory syndrome 
coronavirus‐2 mRNA vaccine‐associated myocarditis a�er 
COVID‐19 myocarditis. J Paediatr Child Health. 2023;59(12). 
https://doi.org/10.1111/jpc.16498

239. Takada K, Taguchi K, Samura M, Igarashi Y, Okamoto Y, Enoki Y, 
et al. SARS-CoV-2 mRNA vaccine-related myocarditis and 
pericarditis: An analysis of the Japanese Adverse Drug Event 
Report database. J Infect Chemother. 2025;31(1):102485. 
https://doi.org/10.1016/j.jiac.2024.07.025

240. Husby A, Gulseth HL, Hovi P, Hansen JV, Pihlström N, Gunnes N, et al. 
Clinical outcomes of myocarditis a�er SARS-CoV-2 mRNA vaccination 
in four Nordic countries: population-based cohort study. BMJ Med. 
2023;2(1):e000373. https://doi.org/10.1136/bmjmed-2022-000373

241. Adab P, Haroon S, O’Hara ME, Jordan RE. Comorbidities and 
covid-19. Bmj. 2022;377. https://doi.org/10.1136/bmj.o1431

242. Dominguez LJ, Barbagallo M. �e biology of the metabolic 
syndrome and aging. Curr Opin Clin Nutr Metab Care. 2016; 
19(1):5-11. https://doi.org/10.1097/MCO.0000000000000243

243. Al-So�ani ME, Ganji SS, Kalyani RR. Body composition changes 
in diabetes and aging. J Diabetes Complications. 2019;33(6): 
451-459. https://doi.org/10.1016/j.jdiacomp.2019.03.007

244. Kruglikov IL, Shah M, Scherer PE. Obesity and diabetes as 
comorbidities for COVID-19: Underlying mechanisms and the 
role of viral–bacterial interactions. Elife. 2020;9:e61330. 
https://doi.org/10.7554/eLife.61330

245. Shah H, Khan MS, Dhurandhar NV, Hegde V. �e triumvirate: 
why hypertension, obesity, and diabetes are risk factors for adverse 
e�ects in patients with COVID-19. Acta Diabetol. 2021;58(7): 
831-843. https://doi.org/10.1007/s00592-020-01636-z

246. Yanez ND, Weiss NS, Romand JA, Treggiari MM. COVID-19 
mortality risk for older men and women. BMC public health. 
2020;20(1):1742. https://doi.org/10.1186/s12889-020-09826-8

247. Schumacher AE, Kyu HH, Aali A, Abbafati C, Abbas J, 
Abbasgholizadeh R, et al. Global age-sex-speci�c mortality, life 
expectancy, and population estimates in 204 countries and 
territories and 811 subnational locations, 1950–2021, and the 
impact of the COVID-19 pandemic: a comprehensive 
demographic analysis for the Global Burden of Disease Study 
2021. �e Lancet. 2024;403(10440):1989-2056.           .         
https://doi.org/10.1016/S0140-6736(24)00476-8

248. Massoullié G, Boyer B, Sapin V, Jean F, Andronache M, Peoc’h M, 
et al. Sudden cardiac death risk in contact sports increased by 
myocarditis: a case series. Eur Heart J. 2021;5(3):ytab054. 
https://doi.org/10.1093/ehjcr/ytab054

249. Bohm P, Scharhag J, Egger F, Tischer KH, Niederseer D, Schmied C, 
et al. Sports-related sudden cardiac arrest in Germany. Can J Cardiol. 
2021;37(1):105-112. https://doi.org/10.1016/j.cjca.2020.03.021 

250. P�zer biodistribution con�dential document translated to 
English.2022. Available at                            .         
https://www.naturalnews.com/�les/P�zer-bio-distribution-con�d
ential-document-translated-to-english.pdf 

251. Kanczkowski W, Evert K, Stadtmüller M, Haberecker M, Laks L, Chen LS, et 
al. COVID-19 targets human adrenal glands. Lancet Diabetes Endocrinol. 
2022;10(1):13-16. https://doi.org/10.1016/S2213-8587(21)00291-6

252. Sheppard MN, Westaby J, Zullo E, Fernandez BV, Cox S, Cox A. 
Sudden arrhythmic death and cardiomyopathy are important 
causes of sudden cardiac death in the UK: results from a national 
coronial autopsy database. Histopathol. 2023;82(7):1056-1066. 
https://doi.org/10.1111/his.14889

253. Healy J, Youssef AM, Sawant S, Orchard JJ, Rehan R, Van Vuuren 
R, et al. Trends in sudden unexpected deaths in an Australian 
population: Impact of the COVID-19 pandemic. Heart Lung Circ. 
2024;33(12):1693-1698. https://doi.org/10.1016/j.hlc.2024.07.009

254. Smith J, Schrader S, Morgan H, Shenton P, Alafaci A, Cox N, et al. 
Clinical phenotype of COVID‐19 vaccine‐associated myocarditis 

in Victoria, 2021–22: a cross‐sectional study. Med J Aust. 
2025;222(1):23-29. https://doi.org/10.5694/mja2.52557

255. Sennfält S, Norrving B, Petersson J, Ullberg T. Long-term survival 
and function a�er stroke: a longitudinal observational study from 
the Swedish Stroke Register. Stroke. 2019;50(1):53-61. 
https://doi.org/10.1161/STROKEAHA.118.022913

256. Yazdanfard PD, Christensen AH, Tfelt-Hansen J, Bundgaard H, 
Winkel BG. Non-diagnostic autopsy �ndings in sudden 
unexplained death victims. BMC Cardiovasc Disord. 2020;20:1-7. 
https://doi.org/10.1186/s12872-020-01361-z

257. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil 
AC, et al. Remdesivir for the treatment of Covid-19—preliminary 
report. N Engl J Med. 2020;383(19):1813-1836.        .         
https://doi.org/10.1056/NEJMoa2007764

258. Nina Youngstrom. CMS Hikes Payment for COVID-19 Inpatients 
Treated With New Drugs, Links it to 20% Bonus. J.D.Supra. Health 
Care Compliance Association. 2020. Available at      .         
https://www.jdsupra.com/legalnews/cms-hikes-payment-for-covi
d-19-19452/

259. Wang Y, Zhang D, Du G, Du R, Zhao J, Jin Y, et al. Remdesivir in 
adults with severe COVID-19: a randomised, double-blind, 
placebo-controlled, multicentre trial. �e Lancet. 2020;395(10236): 
1569-1578. https://doi.org/10.1016/S0140-6736(20)31022-9

260. Kwok M, Lee C, Li HS, Deng R, Tsoi C, Ding Q, et al. Remdesivir 
induces persistent mitochondrial and structural damage in human 
induced pluripotent stem cell-derived cardiomyocytes. Cardiovasc 
Res. 2022;118(12):2652-2664. https://doi.org/10.1093/cvr/cvab311

261. Gholipour M, Samidoost P, Moayerifar M, Ghasemzadeh G. A case report 
of QTc prolongation: Drug induced or myocarditis in Severe Acute 
Respiratory Syndrome Coronavirus 2. SAGE Open Med Case Rep. 2024; 
12:2050313X241233432. https://doi.org/10.1177/2050313X241233432

262. Harbi S, AlFai� M, Al-Dorzi HM, Aljuhani O, Alenazi AA, Alalawi 
M, et al. A case report on the association between QTc prolongation 
and remdesivir therapy in a critically ill patient. IDCases. 
2022;29:e01572. https://doi.org/10.1016/j.idcr.2022.e01572

263. Nabati M, Parsaee H. Potential cardiotoxic e�ects of remdesivir on 
cardiovascular system: a literature review. Cardiovasc. Toxicol. 
2022;22(3):268-272. https://doi.org/10.1007/s12012-021-09703-9

264. Tian E, Cosme C, Bauzon J, Batra K, Azar F, Schreiber A. 
Remdesivir-associated bradycardia in COVID-19: a rapid review 
protocol. BMJ open. 2023;13(5):e068564.          .          
https://doi.org/10.1136/bmjopen-2022-068564

265. Krauson AJ, Casimero FV, Siddiquee Z, Stone JR. Duration of 
SARS-CoV-2 mRNA vaccine persistence and factors associated with 
cardiac involvement in recently vaccinated patients. NPJ Vaccines. 
2023;8(1):141. https://doi.org/10.1038/s41541-023-00742-7

266. Baumeier C, Aleshcheva G, Harms D, Gross U, Hamm C, Assmus 
B, et al. Intramyocardial in�ammation a�er COVID-19 
vaccination: an endomyocardial biopsy-proven case series. Int J 
Mol Sci. 2022;23(13):6940. https://doi.org/10.3390/ijms23136940

267. Schreckenberg R, Woitasky N, Itani N, Czech L, Ferdinandy P, 
Schulz R. Cardiac side e�ects of RNA‐based SARS‐CoV‐2 vaccines: 
hidden cardiotoxic e�ects of mRNA‐1273 and BNT162b2 on 
ventricular myocyte function and structure. Br J Pharmacol. 
2024;181(3):345-361. https://doi.org/10.1111/bph.16262

268. Vaccine side e�ects. U.S. Department of Health & Human 
Services. 2022. Retrieved on 2024. Available at          .         
https://www.hhs.gov/immunization/basics/safety/side-e�ects/index.html

269. Singer ME, Taub IB, Kaelber DC. Risk of myocarditis from COVID-19 
infection in people under age 20: a population-based analysis. 
MedRxiv. 2021:2021-07. https://doi.org/10.1101/2021.07.23.21260998

270. Funk PR, Yogurtcu ON, Forshee RA, Anderson SA, Marks PW, 
Yang H. Bene�t-risk assessment of COVID-19 vaccine, mRNA 
(Comirnaty) for age 16–29 years. Vaccine. 2022;40(19):2781-2789. 
https://doi.org/10.1016/j.vaccine.2022.03.030

271. Yogurtcu ON, Funk PR, Forshee RA, Anderson SA, Marks PW, 
Yang H. Bene�t-risk assessment of covid-19 vaccine, MRNA 

(MRNA-1273) for males age 18–64 years. Vaccine: X. 
2023;14:100325. https://doi.org/10.1016/j.jvacx.2023.100325

272. Doshi P. Revolving doors: board memberships, hedge funds, and 
the FDA chiefs responsible for regulating industry. BMJ. 
2024;385:q975. https://doi.org/10.1136/bmj.q975

273. Deyo RA. Gaps, tensions, and con�icts in the FDA approval 
process: implications for clinical practice. J Am Board Fam Pract. 
2004;17(2):142-149.  https://doi.org/10.3122/jabfm.17.2.142

274. Adams B. Moderna nabs a BARDA billion as it kick-starts 
late-stage pandemic vaccine test. 2022. Available at      .         
https://www.�ercebiotech.com/biotech/moderna-nabs-a-barda-bi
llion-as-its-kickstarts-late-stage-pandemic-vaccine-test

275. Lalani HS, Nagar S, Sarpatwari A, Barenie RE, Avorn J, Rome BN, 
et al. US public investment in development of mRNA covid-19 
vaccines: retrospective cohort study. BMJ. 2023;380.      .         
https://doi.org/10.1136/bmj-2022-073747

276. Webb NE, Osburn TS. Characteristics of hospitalized children 
positive for SARS-CoV-2: experience of a large center. Hosp Pediatr. 
2021;11(8):e133-141. https://doi.org/10.1542/hpeds.2021-005919

277. Kushner LE, Schroeder AR, Kim J, Mathew R. “For COVID” or 
“With COVID”: classi�cation of SARS-CoV-2 hospitalizations in 
children. Hosp Pediatr. 2021;11(8):e151-156.              .         
https://doi.org/10.1542/hpeds.2021-006001

278. Drouin O, Hepburn CM, Farrar DS, Baerg K, Chan K, Cyr C, et al. 
Characteristics of children admitted to hospital with acute 
SARS-CoV-2 infection in Canada in 2020. Cmaj. 
2021;193(38):E1483-1493.  https://doi.org/10.1503/cmaj.210053

279. Havers FP. Hospitalization of adolescents aged 12–17 years with 
laboratory-con�rmed COVID-19—COVID-NET, 14 states, 
March 1, 2020–April 24, 2021. MMWR Morb Mortal Wkly Rep. 
2021;70(23):851-857. https://doi.org/10.15585/mmwr.mm7023e1

280. Altarawneh H, Chemaitelly H, Tang P, Hasan MR, Qassim S, 
Ayoub HH, et al. Protection a�orded by prior infection against 
SARS-CoV-2 reinfection with the Omicron variant. MedRxiv. 
2022:2022-01. https://doi.org/10.1056/NEJMc2200133

281. Gazit S, Shlezinger R, Perez G, Lotan R, Peretz A, Ben-Tov A, et al. 
Comparing SARS-CoV-2 natural immunity to vaccine-induced 
immunity: reinfections versus breakthrough infections. MedRxiv. 2021. 
https://www.medrxiv.org/content/10.1101/2021.08.24.21262415v1

282. Coronavirus (COVID‐19) Infection Survey, characteristics of people testing 
positive for COVID‐19, UK: 17. O�ce of National Statistics. 2021. Available at 
https://www.ons.gov.uk/releases/coronaviruscovid19infectionsurvey
characteristicsofpeopletestingpositiveforcovid19uk17november2021

283. León TM. COVID-19 cases and hospitalizations by COVID-19 
vaccination status and previous COVID-19 diagnosis—California and 
New York, May–November 2021. MMWR Morb Mortal Wkly Rep. 
2022;71(4):125-131. http://dx.doi.org/10.15585/mmwr.mm7104e1

284. Pezzullo AM, Axfors C, Contopoulos-Ioannidis DG, Apostolatos 
A, Ioannidis JP. Age-strati�ed infection fatality rate of COVID-19 
in the non-elderly population. Environ Res. 2023;216:114655. 
https://doi.org/10.1016/j.envres.2022.114655

285. Baral S, Chandler R, Prieto RG, Gupta S, Mishra S, Kulldor� M. 
Leveraging epidemiological principles to evaluate Sweden’s 
COVID-19 response. Ann Epidemiol. 2020;54:21.      .         
https://doi.org/10.1016/j.annepidem.2020.11.005

286. Islam N, Shkolnikov VM, Acosta RJ, Klimkin I, Kawachi I, Irizarry 
RA, et al. Excess deaths associated with covid-19 pandemic in 
2020: age and sex disaggregated time series analysis in 29 high 
income countries. bmj. 2021;373:n1137.               .         
https://doi.org/10.1136/bmj.n1137

287. �ornley S, Morris AJ, Sundborn G, Bailey S. How fatal is 
COVID-19 compared with seasonal in�uenza? �e devil is in the 
detail. BMJ. 2020;371:m3883. 2020.

288. Turner JS, Kim W, Kalaidina E, Goss CW, Rauseo AM, Schmitz AJ, 
et al. SARS-CoV-2 infection induces long-lived bone marrow 
plasma cells in humans. Nature. 2021;595(7867):421-425. 
https://doi.org/10.1038/s41586-021-03647-4

289. Wang Z, Yang X, Zhong J, Zhou Y, Tang Z, Zhou H, et al. Exposure 
to SARS-CoV-2 generates T-cell memory in the absence of a 
detectable viral infection. Nat Commun. 2021;12(1):1724. 
https://doi.org/10.1038/s41467-021-22036-z

290. Reynolds CJ, Pade C, Gibbons JM, Otter AD, Lin KM, Muñoz 
Sandoval D, et al. Immune boosting by B. 1.1. 529 (Omicron) 
depends on previous SARS-CoV-2 exposure. Science. 
2022;377(6603) :eabq1841. https://doi.org/10.1126/science.abq1841

291. Patalon T, Saciuk Y, Perez G, Peretz A, Ben-Tov A, Gazit S. Dynamics 
of naturally acquired immunity against severe acute respiratory 
syndrome coronavirus 2 in children and adolescents. J Pediatr. 
2023;257:113371. https://doi.org/10.1016/j.jpeds.2023.02.016

292. Jeet Kaur R, Dutta S, Charan J, Bhardwaj P, Tandon A, Yadav D, et 
al. Cardiovascular adverse events reported from COVID-19 
vaccines: a study based on WHO database. Int J Gen Med. 
2021;3909-3927. https://doi.org/10.2147/IJGM.S324349

293. Oster ME, Shay DK, Su JR, Gee J, Creech CB, Broder KR, et al. 
Myocarditis cases reported a�er mRNA-based COVID-19 
vaccination in the US from December 2020 to August 2021. 
2022;327(4):331-340. https://doi.org/10.1001/jama.2021.24110

294. Shiravi AA, Ardekani A, Sheikhbahaei E, Heshmat-Ghahdarijani K. 
Cardiovascular complications of SARS-CoV-2 vaccines: an overview. 
Cardiol �er. 2022:1-9. https://doi.org/10.1007/s40119-021-00248-0

295. Bardosh K, Krug A, Jamrozik E, Lemmens T, Keshavjee S, Prasad V, et 
al. COVID-19 vaccine boosters for young adults: a risk bene�t 
assessment and ethical analysis of mandate policies at universities. J Med 
Ethics. 2024;50(2):126-138. https://doi.org/10.1136/jme-2022-108449

296. Wallace M, Rosenblum HG, Moulia DL, Broder KR, Shimabukuro 
TT, Taylor CA, et al. A summary of the Advisory Committee for 
Immunization Practices (ACIP) use of a bene�t-risk assessment 
framework during the �rst year of COVID-19 vaccine 
administration in the United States. Vaccine. 2023;41(44): 
6456-6467. https://doi.org/10.1016/j.vaccine.2023.07.037

297. Shiri T, Evans M, Talarico CA, Morgan AR, Mussad M, Buck PO, et al. �e 
population-wide risk-bene�t pro�le of extending the primary COVID-19 
vaccine course compared with an mRNA booster dose program. 
Vaccines. 2022;10(2):140. https://doi.org/10.3390/vaccines10020140

298. Block JP. Cardiac complications a�er SARS-CoV-2 infection and 
mRNA COVID-19 vaccination—PCORnet, United States, january 
2021–January 2022. MMWR Morb Mortal Wkly. 2022;71(14): 
517-523. http://dx.doi.org/10.15585/mmwr.mm7114e1

299. Wong HL, Hu M, Zhou CK, Lloyd PC, Amend KL, Beachler DC, et al. Risk 
of myocarditis and pericarditis a�er the COVID-19 mRNA vaccination in 
the USA: a cohort study in claims databases. �e Lancet. 2022; 
399(10342):2191-2199. https://doi.org/10.1016/S0140-6736(22)00791-7

300. Naveed Z, Li J, Wilton J, Spencer M, Naus M, Velásquez García 
HA, et al. Comparative risk of myocarditis/pericarditis following 
second doses of BNT162b2 and mRNA-1273 coronavirus 
vaccines. J Am Coll Cardiol. 2022;80(20):1900-1908. 
https://doi.org/10.1016/j.jacc.2022.08.799

301. Dickerman BA, Gerlovin H, Madenci AL, Kurgansky KE, Ferolito 
BR, Figueroa Muñiz MJ, et al. Comparative e�ectiveness of 
BNT162b2 and mRNA-1273 vaccines in US veterans. N Engl J Med. 
2022;386(2):105-115. https://doi.org/10.1056/NEJMoa2115463

302. Brisotto G, Montico M, Turetta M, Zanussi S, Cozzi MR, Vettori R, 
et al. Integration of Cellular and Humoral Immune Responses as 
an Immunomonitoring Tool for SARS-CoV-2 Vaccination in 
Healthy and Fragile Subjects. Viruses. 2023;15(6):1276. 
https://doi.org/10.3390/v15061276 

303. Debes AK, Xiao S, Colantuoni E, Egbert ER, Caturegli P, Gadala A, 
et al. Association of vaccine type and prior SARS-CoV-2 infection 
with symptoms and antibody measurements following vaccination 
among health care workers. JAMA Intern Med. 2021;181(12): 
1660-1662. https://doi.org/10.1001/jamainternmed.2021.4580

304. Kobashi Y, Shimazu Y, Kawamura T, Nishikawa Y, Omata F, Kaneko 
Y, et al. Factors associated with anti-severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) spike protein antibody 

correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 

titer and neutralizing activity among healthcare workers following 
vaccination with the BNT162b2 vaccine. PLoS One. 2022; 
17(6):e0269917. https://doi.org/10.1371/journal.pone.0269917

305. Levy I, Levin EG, Olmer L, Regev-Yochay G, Agmon-Levin N, 
Wieder-Finesod A, et al. Correlation between adverse events and 
antibody titers among healthcare workers vaccinated with 
BNT162b2 mRNA COVID-19 vaccine. Vaccines. 2022;10(8):1220. 
https://doi.org/10.3390/vaccines10081220

306. Naaber P, Tserel L, Kangro K, Sepp E, Jürjenson V, Adamson A, et 
al. Dynamics of antibody response to BNT162b2 vaccine a�er six 
months: a longitudinal prospective study. Lancet Reg Health Eur. 
2021;10. https://doi.org/10.1016/j.lanepe.2021.100208

307. Pozdnyakova V, Weber B, Cheng S, Ebinger JE. Review of immunologic 
manifestations of COVID-19 infection and vaccination. Cardiol Clin. 
2022;40(3):301-308. https://doi.org/10.1016/j.ccl.2022.03.006

308. Rechavi Y, Shashar M, Lellouche J, Yana M, Yakubovich D, Sharon 
N. Occurrence of BNT162b2 vaccine adverse reactions is 
associated with enhanced SARS-CoV-2 IgG antibody response. 
Vaccines. 2021;9(9):977. https://doi.org/10.3390/vaccines9090977

309. Takeuchi M, Higa Y, Esaki A, Nabeshima Y, Nakazono A. Does 
reactogenicity a�er a second injection of the BNT162b2 vaccine predict 
spike IgG antibody levels in healthy Japanese subjects? PloS one. 
2021;16(9):e0257668. https://doi.org/10.1371/journal.pone.0257668

310. Uwamino Y, Kurafuji T, Sato Y, Tomita Y, Shibata A, Tanabe A, et 
al. Young age, female sex, and presence of systemic adverse 
reactions are associated with high post-vaccination antibody titer 
a�er two doses of BNT162b2 mRNA SARS-CoV-2 vaccination: 
An observational study of 646 Japanese healthcare workers and 
university sta�. Vaccine. 2022;40(7):1019-25.       .         
https://doi.org/10.1016/j.vaccine.2022.01.002

311. Bonanad C, García-Blas S, Tarazona-Santabalbina F, Sanchis J, 
Bertomeu-González V, et al. �e E�ect of Age on Mortality in 
Patients With COVID-19: A Meta-Analysis With 611,583 
Subjects. J Am Med Dir Assoc. 2020;21(7):915-918.      .         
https://doi.org/10.1016/j.jamda.2020.05.045

312. Franceschi C, Garagnani P, Parini P, Giuliani C, Santoro A. 
In�ammaging: a new immune-metabolic viewpoint for age- 
related diseases. Nat Rev Endocrinol. 2018;14(10):576-590. 
https://doi.org/10.1038/s41574-018-0059-4

313. Kytö V, Sipilä J, Rautava P. �e e�ects of gender and age on occurrence 
of clinically suspected myocarditis in adulthood. Heart. 2013; 
99(22):1681-1684. https://doi.org/10.1136/heartjnl-2013-304449 

314. Semenzato L, Le Vu S, Botton J, Bertrand M, Jabagi MJ, Drouin J, 
et al. Long-term prognosis of patients with myocarditis attributed 
to COVID-19 mRNA vaccination, SARS-CoV-2 infection, or 
conventional etiologies. JAMA. 2024 Oct;332(16):1367-77. 
https://doi.org/10.1001/jama.2024.16380

315. Jones JM, Stone M, Sulaeman H, Fink RV, Dave H, Levy ME, et al. 
Estimated US infection-and vaccine-induced SARS-CoV-2 
seroprevalence based on blood donations, July 2020-May 2021. Jama. 
2021;326(14):1400-1409. https://doi.org/10.1001/jama.2021.15161

316. Bobrovitz N, Arora RK, Cao C, Boucher E, Liu M, Donnici C, et al. 
Global seroprevalence of SARS-CoV-2 antibodies: A systematic 
review and meta-analysis. PLoS One. 2021;16(6):e0252617. 
https://doi.org/10.1371/journal.pone.0252617

317. Heinz FX, Stiasny K. Distinguishing features of current 
COVID-19 vaccines: knowns and unknowns of antigen 
presentation and modes of action. NPJ Vaccines. 2021;6(1):104. 
https://doi.org/10.1038/s41541-021-00369-6

318. Brogna C, Cristoni S, Marino G, Montano L, Viduto V, Fabrowski 
M, et al. Detection of recombinant Spike protein in the blood of 
individuals vaccinated against SARS‐CoV‐2: Possible molecular 
mechanisms. Proteomics Clin Appl. 2023;17(6):2300048.      .         
https://doi.org/10.1002/prca.202300048

319. Patterson BK, Yogendra R, Francisco EB, Long E, Pise A, Osgood E, et 
al. Persistence of S1 spike protein in CD16+ monocytes up to 245 days 
in SARS-CoV-2 negative post COVID-19 vaccination individuals 

with post-acute sequalae of COVID-19 (PASC)-like symptoms. 
medRxiv. 2024:2024-03. https://doi.org/10.1101/2024.03.24.24304286

320. Nance KD, Meier JL. Modi�cations in an Emergency: �e Role of 
N1-Methylpseudouridine in COVID-19 Vaccines. ACS Cent Sci. 
2021;7(5):748-756. Available at               .         
https://pubs.acs.org/doi/full/10.1021/acscentsci.1c00197

321. Trougakos IP, Terpos E, Alexopoulos H, Politou M, Paraskevis D, 
Scorilas A, et al. Adverse e�ects of COVID-19 mRNA vaccines: the 
spike hypothesis. Trends Mol Med. 2022;28(7):542-554. 
https://doi.org/10.1016/j.molmed.2022.04.007

322. Acevedo-Whitehouse K, Bruno R. Potential health risks of 
mRNA-based vaccine therapy: A hypothesis. Med Hypotheses. 
2023;171:111015. https://doi.org/10.1016/j.mehy.2023.111015

323. Qin Z, Bouteau A, Herbst C, Igyártó BZ. Pre-exposure to 
mRNA-LNP inhibits adaptive immune responses and alters innate 
immune �tness in an inheritable fashion. PLoS Pathog. 2022;18(9): 
e1010830. https://doi.org/10.1371/journal.ppat.1010830

324. Klingel H, Krüttgen A, Imöhl M, Kleines M. Humoral immune 
response to SARS-CoV-2 mRNA vaccines is associated with choice 
of vaccine and systemic adverse reactions. Clin Exp Vaccine Res. 
2023;12(1):60-69. https://doi.org/10.7774/cevr.2023.12.1.60 

325. Giannotta G, Murrone A, Giannotta N. COVID-19 mRNA 
Vaccines: �e Molecular Basis of Some Adverse Events. Vaccines. 
2023;11(4):747.  https://doi.org/10.3390/vaccines11040747

326. Ndeupen S, Qin Z, Jacobsen S, Bouteau A, Estanbouli H, Igyártó 
BZ. �e mRNA-LNP platform's lipid nanoparticle component 
used in preclinical vaccine studies is highly in�ammatory. 
Iscience. 2021 ;24(12). https://doi.org/10.1016/j.isci.2021.103479

327. Seo J, Lee J, Kim S, Lee M, Yang H. Lipid polysaccharides have a 
detrimental e�ect on the function of the ovaries and uterus in mice 
through increased pro-in�ammatory cytokines. Dev Reprod. 
2022;26(4):135. https://doi.org/10.12717/DR.2022.26.4.135

328. Sriwastava S, Sharma K, Khalid SH, Bhansali S, Shrestha AK, 
Elkhooly M, et al. COVID-19 vaccination and neurological 
manifestations: a review of case reports and case series. Brain Sci. 
2022;12(3):407. https://doi.org/10.3390/brainsci12030407

329. Vogrig A, Tartaglia S, Dentoni M, Fabris M, Bax F, Belluzzo M, et 
al. Central nervous system immune-related disorders a�er 
SARS-CoV-2 vaccination: a multicenter study. Front Immunol. 
2024;15:1344184. https://doi.org/10.3389/�mmu.2024.1344184

330. Schinas G, Polyzou E, Dimakopoulou V, Tsoupra S, Gogos C, 
Akinosoglou K. Immune-mediated liver injury following 
COVID-19 vaccination. World J Virol. 2023;12(2):100-108. 
https://doi.org/10.5501/wjv.v12.i2.100

331. Awaya T, Moroi M, Enomoto Y, Kunimasa T, Nakamura M. What 
should we do a�er the COVID-19 vaccination? vaccine-associated 
diseases and precautionary measures against adverse reactions. 
Vaccines. 2022;10(6):866. https://doi.org/10.3390/vaccines10060866

332. Zagorec N, Horvatić I, Šenjug P, Horaček M, Ljubanović DG, 
Galešić K. Immune-mediated diseases a�er coronavirus disease 
2019 vaccination: rare but important complication. Croat Med J. 
2022;63(4):389. https://doi.org/10.3325/cmj.2022.63.389

333. Franchini M, Liumbruno GM, Pezzo M. COVID‐19 
Vaccine‐associated Immune �rombosis and �rombocytopenia 
(VITT): diagnostic and therapeutic recommendations for a new 
syndrome. Eur J Haematol. 2021;107(2):173-180.      .         
https://doi.org/10.1111/ejh.13665

334. Sadat Larijani M, Sorouri R, Eybpoosh S, Doroud D, Moradi L, 
Ahmadinezhad M, et al. Assessment of long-term adverse events 
regarding di�erent COVID-19 vaccine regimens within an 
18-month follow-up study. Pathog Dis. 2023;81:�ad010. 
https://doi.org/10.1093/femspd/�ad010

335. Kim KQ, Burgute BD, Tzeng SC, Jing C, Jungers C, Zhang J, et al. 
N1-methylpseudouridine found within COVID-19 mRNA 
vaccines produces faithful protein products. Cell Rep. 2022;40(9). 
https://doi.org/10.1016/j.celrep.2022.111300

336. König B, Kirchner JO. Methodological considerations regarding 

the quanti�cation of DNA impurities in the covid-19 mRNA 
vaccine comirnaty®. Methods and Protocols. 2024;7(3):41. 
https://doi.org/10.3390/mps7030041

337. Alblaihed L, Huis In't Veld MA. Allergic Acute Coronary 
Syndrome-Kounis Syndrome. Emergency medicine clinics of North 
America. 2021;40(1):69-78. https://doi.org/10.1016/j.emc.2021.08.010

338. Kounis NG, Koniari I, Kouni S, Mplani V, Velissaris D, Plotas P, et 
al. Rare acute hypersensitivity myocardial infarction (Kounis 
syndrome) and hypersensitivity myocarditis following COVID-19 
vaccination. QJM: An International Journal of Medicine. 
2023;116(1):81-82. https://doi.org/10.1093/qjmed/hcac021

339. Yonker LM, Swank Z, Bartsch YC, Burns MD, Kane A, Boribong 
BP, et al. Circulating spike protein detected in post–COVID-19 
mRNA vaccine myocarditis. Circulation. 2023;147(11):867-876. 
https://doi.org/10.1161/CIRCULATIONAHA.122.061025

340. Bozkurt B. Shedding light on mechanisms of myocarditis with 
COVID-19 mRNA vaccines. Circulation. 2023;147(11):877-880. 
https://doi.org/10.1161/CIRCULATIONAHA.123.063396

341. Kim N, Jung Y, Nam M, Sun Kang M, Lee MK, Cho Y, et al. 
Angiotensin II a�ects in�ammation mechanisms via AMPK-related 
signalling pathways in HL-1 atrial myocytes. Sci Rep. 2017;7 
(1):10328. https://doi.org/10.1038/s41598-017-09675-3t

Int. J. Cardiovasc. Res. Innov., 2025, 1, 1-43 © Reseapro Journals 2025
https://doi.org/10.61577/ijcri.2025.100001

INTERNATIONAL JOURNAL OF CARDIOVASCULAR RESEARCH & INNOVATION
2025, VOL. 3, ISSUE 1

14



Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
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 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
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a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
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Sudden death in athletes
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myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.

Disclosure statement 
�e authors declare that they have no competing interests.

References
1. Perkins D, Wilkins R, Kerr R, Greiner B, Hartwell M. Public interest 

in myocarditis during the sars-CoV-2 pandemic. Disaster Med Public 
Health Prep. 2023;17:e349. https://doi.org/10.1017/dmp.2022.307

2. Sularz AK, Hua A, Ismail T. SARS-CoV-2 vaccines and myocarditis. Clin 
Med. 2023;23(5):495-502. https://doi.org/10.7861/clinmed.2023-0049 

3. Liao YF, Tseng WC, Wang JK, Chen YS, Chen CA, Lin MT, et al. 
Management of cardiovascular symptoms a�er P�zer-BioNTech 
COVID-19 vaccine in teenagers in the emergency department. J 
Formos Med Assoc. 2023;122(8):699-706.              .               
.https://doi.org/10.1016/j.jfma.2022.12.004 

4. Rosner CM, Genovese L, Tehrani BN, Atkins M, Bakhshi H, 
Chaudhri S, et al. Myocarditis temporally associated with 
COVID-19 vaccination. Circulation. 2021;144(6):502-505.      .         
https://doi.org/10.1161/CIRCULATIONAHA.121.055891 

5. Caforio AL, Pankuweit S, Arbustini E, Basso C, Gimeno-Blanes J, 
Felix SB, et al. Current state of knowledge on aetiology, diagnosis, 
management, and therapy of myocarditis: a position statement of 
the European Society of Cardiology Working Group on 
Myocardial and Pericardial Diseases. Eur Heart J. 2013;34(33): 
2636-2648. https://doi.org/10.1093/eurheartj/eht210 

6. Berg J, Kottwitz J, Baltensperger N, Kissel CK, Lovrinovic M, 
Mehra T, et al. Cardiac magnetic resonance imaging in 
myocarditis reveals persistent disease activity despite 
normalization of cardiac enzymes and in�ammatory parameters 
at 3-month follow-up. Circ Heart Fail. 2017;10(11):e004262. 
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004262 

7. Lurz P, Eitel I, Klieme B, Luecke C, De Waha S, Desch S, et al. �e 
potential additional diagnostic value of assessing for pericardial 
e�usion on cardiac magnetic resonance imaging in patients with 
suspected myocarditis. Eur Heart J Cardiovasc Imaging. 2014;15 
(6):643-650. https://doi.org/10.1093/ehjci/jet267 

8. Spotts PH, Zhou F. Myocarditis and Pericarditis. Prim Care. 
2023;51(1):111-124. https://doi.org/10.1016/j.pop.2023.07.006 

9. Sagar S, Liu PP, Cooper LT. Myocarditis. Lancet. 2012;379(9817): 
738-747. https://doi.org/10.1016/S0140-6736(11)60648-X 

10. Su JR, McNeil MM, Welsh KJ, Marquez PL, Ng C, Yan M, et al. 
Myopericarditis a�er vaccination, vaccine adverse event reporting 
system (VAERS), 1990–2018. Vaccine. 2021;39(5):839-845. 
https://doi.org/10.1016/j.vaccine.2020.12.046

11. Cosentino M, Marino F. Understanding the pharmacology of 
COVID-19 mRNA vaccines: playing dice with the spike? Int J Mol 
Sci. 2022;23(18):10881. https://doi.org/10.3390/ijms231810881 

12. Fazlollahi A, Zahmatyar M, Noori M, Nejadghaderi SA, Sullman 
MJ, Shekarriz‐Foumani R, et al. Cardiac complications following 
mRNA COVID‐19 vaccines: A systematic review of case reports 
and case series. Rev Med Virol. 2022;32(4):e2318.      .         
https://doi.org/10.1002/rmv.2318 

13. Li YE, Wang S, Reiter RJ, Ren J. Clinical cardiovascular 
emergencies and the cellular basis of COVID-19 vaccination: from 
dream to reality?. Int J Infect Dis. 2022;124:1-10.      .         
https://doi.org/10.1016/j.ijid.2022.08.026 

14. Karlstad Ø, Hovi P, Husby A, Härkänen T, Selmer RM, Pihlström 
N, et al. SARS-CoV-2 vaccination and myocarditis in a Nordic 
cohort study of 23 million residents. JAMA Cardiol.  2022;7(6): 
600-612. https://doi.org/10.1001/jamacardio.2022.0583

15. Gao J, Feng L, Li Y, Lowe S, Guo Z, Bentley R, et al. A systematic 
review and meta-analysis of the association between SARS-CoV-2 
vaccination and myocarditis or pericarditis. Am J Prev Med. 
2023;64(2):275-284. https://doi.org/10.1016/j.amepre.2022.09.002

16. Yasmin F, Najeeb H, Naeem U, Moeed A, Atif AR, Asghar MS, et 
al. Adverse events following COVID‐19 mRNA vaccines: A 
systematic review of cardiovascular complication, thrombosis, and 
thrombocytopenia. Immun In�amm Dis. 2023;11(3):e807. 
https://doi.org/10.1002/iid3.807 

17. Ilonze OJ, Guglin ME. Myocarditis following COVID-19 
vaccination in adolescents and adults: a cumulative experience of 
2021. Heart Fail Rev. 2022;27(6):2033-2043.                 .         
https://doi.org/10.1007/s10741-022-10243-9

18. Costa C, Moniati F. �e Epidemiology of COVID‐19 
Vaccine‐Induced Myocarditis. Adv Med. 2024;2024(1):4470326. 
https://doi.org/10.1155/2024/4470326 

19. Jung SW, Jeon JJ, Kim YH, Choe SJ, Lee S. Long-term risk of 
autoimmune diseases a�er mRNA-based SARS-CoV2 vaccination in 
a Korean, nationwide, population-based cohort study. Nat Commun. 
2024;15(1):6181. https://doi.org/10.1038/s41467-024-50656-8 

20. Yun C, Lee Y, Heo SJ, Kim N, Jung I. �e impact of COVID-19 status 
and vaccine type following the �rst dose on acute heart disease: A 

nationwide retrospective cohort study in South Korea. Epidemiol 
Infect. 2024;152:e134. https://doi.org/10.1017/S0950268824001213

21. Montgomery J, Ryan M, Engler R, Ho�man D, McClenathan B, 
Collins L, et al. Myocarditis Following Immunization With mRNA 
COVID-19 Vaccines in Members of the US Military. JAMA Cardiol. 
2021;6(10):1202-1206. http://doi.org/10.1001/jamacardio.2021.2833 

22. Puntmann VO, Carerj ML, Wieters I, Fahim M, Arendt C, 
Ho�mann J, et al. Outcomes of Cardiovascular Magnetic Resonance 
Imaging in Patients Recently Recovered From Coronavirus Disease 
2019 (COVID-19). JAMA Cardiol. 2020;5(11):1265-1273. 
http://doi.org/10.1001/jamacardio.2020.3557 

23. Tersalvi G, Vicenzi M, Calabretta D, Biasco L, Pedrazzini G, 
Winterton D. Elevated Troponin in Patients With Coronavirus 
Disease 2019: Possible Mechanisms. J Card Fail. 2020;26(6): 
470-475. https://doi.org/10.1016/j.cardfail.2020.04.009 

24. Nascimento JH, Gomes BF, Oliveira GM. Cardiac troponin as a 
predictor of myocardial injury and mortality from COVID-19. Arq 
Bras Cardiol. 2020;115:667-668. https://doi.org/10.36660/abc.20200862 

25. Ucar FM, Ozturk C, Yılmaztepe MA. Evaluation of Tp-e interval, 
Tp-e/QT ratio and Tp-e/QTc ratio in patients with acute 
myocarditis. BMC Cardiovasc Disord. 2019;19(1):232.      .         
https://doi.org/10.1186/s12872-019-1207-z 

26. Pillay J, Gaudet L, Wingert A, Bialy L, Mackie AS, Paterson DI, et 
al. Incidence, risk factors, natural history, and hypothesised 
mechanisms of myocarditis and pericarditis following covid-19 
vaccination: living evidence syntheses and review. BMJ. 
2022;378:e069445. https://doi.org/10.1136/bmj-2021-069445 

27. Chapin-Bardales J, Myers T, Gee J, Shay DK, Marquez P, Baggs J, et al. 
Reactogenicity within 2 weeks a�er mRNA COVID-19 vaccines: 
Findings from the CDC v-safe surveillance system. Vaccine. 
2021;39(48):7066-7073. https://doi.org/10.1016/j.vaccine.2021.10.019 

28. Cumulative and Interval Summary Tabulation of Serious and Non-Serious 
Adverse Reactions from Post-Marketing Data Sources. P�zer. 2022:1-393. 
https://www.globalresearch.ca/wp-content/uploads/2023/05/p�zer-report.pdf 

29. Comirnaty. European Medicines Agency . Amsterdam, �e 
Netherlands. 2023. Available on:                     .         
https://www.ema.europa.eu/en/medicines/human/EPAR/comirnaty 

30. Making medicines and medical devices safer. Yellow Card. 2024. 
Available on: https://yellowcard.mhra.gov.uk/information 

31. Yan MM, Zhao H, Li ZR, Chow JW, Zhang Q, Qi YP, et al. Serious 
adverse reaction associated with the COVID-19 vaccines of 
BNT162b2, Ad26. COV2. S, and mRNA-1273: gaining insight 
through the VAERS. Front Pharmacol. 2022;13:921760. 
https://doi.org/10.3389/fphar.2022.921760 

32. Shabu A, Nishtala PS. Analysis of the adverse events following the 
mRNA-1273 COVID-19 vaccine. Expert Rev Vaccines. 2023; 
22(1):801-812. https://doi.org/10.1080/14760584.2023.2260477 

33. Glover C, Deng L, Larter C, Brogan C, Richardson O, Huang YA, 
et al. Surveillance of adverse events following immunisation in 
Australia, COVID-19 vaccines, 2021. Commun Dis Intell. 
2024;48:38926650. https://doi.org/10.33321/cdi.2024.48.2 

34. Kim DH, Kim JH, Oh IS, Choe YJ, Choe SA, Shin JY. Adverse 
Events Following COVID-19 Vaccination in Adolescents: Insights 
from Pharmacovigilance Study of VigiBase. J Korean Med Sci. 
2024;39(8):e76. https://doi.org/10.3346/jkms.2024.39.e76 

35. Montano D. Frequency and Associations of Adverse Reactions of 
COVID-19 Vaccines Reported to Pharmacovigilance Systems in 
the European Union and the United States. Front Public Health. 
2022;9:756633. https://doi.org/10.3389/fpubh.2021.756633

36. Vidal-Perez R, Brandão M, Pazdernik M, Kresoja KP, Carpenito 
M, Maeda S, et al. Cardiovascular disease and COVID-19, a deadly 
combination: A review about direct and indirect impact of a 
pandemic. World J Clin Cases. 2022;10(27):9556-9572.       .        
https://doi.org/10.12998/wjcc.v10.i27.9556 

37. Faksova K, Walsh D, Jiang Y, Gri�n J, Phillips A, Gentile A, et al. 
COVID-19 vaccines and adverse events of special interest: A 
multinational Global Vaccine Data Network (GVDN) cohort 

study of 99 million vaccinated individuals. Vaccine. 2024;42(9): 
2200-2211. https://doi.org/10.1016/j.vaccine.2024.01.100

38. COVID-19 VaST Work Group Report – May 17, 2021. National Center for 
Immunization and Respiratory Diseases. 2021. Available on: 
https://archive.cdc.gov/www_cdc_gov/vaccines/acip/work-groups-vast/r
eport-2021-05-17.html

39. Gargano JW, Wallace M, Hadler SC, Langley G, Su JR, Oster ME, 
et al. Use of mRNA COVID-19 Vaccine A�er Reports of 
Myocarditis Among Vaccine Recipients: Update from the 
Advisory Committee on Immunization Practices - United States, 
June 2021. MMWR Morb Mortal Wkly Rep. 2021;70(27):977-982. 
http://dx.doi.org/10.15585/mmwr.mm7027e2

40. Sun CLF, Ja�e E, Levi R. Increased emergency cardiovascular 
events among under-40 population in Israel during vaccine rollout 
and third COVID-19 wave. Sci Rep. 2022;12(1):6978. 
https://doi.org/10.1038/s41598-022-10928-z

41. Klein NP, Lewis N, Goddard K, Fireman B, Zerbo O, Hanson KE, et al. 
Surveillance for adverse events a�er COVID-19 mRNA vaccination. Jama. 
2021;326(14):1390-1399. http://dx.doi.org/10.1001/jama.2021.15072 

42. Hu M, Wong HL, Feng Y, Lloyd PC, Smith ER, Amend KL, et al. 
Safety of the BNT162b2 COVID-19 Vaccine in Children Aged 5 to 
17 Years. JAMA Pediatr. 2023;177(7):710-717.                  .         
http://dx.doi.org/10.1001/jamapediatrics.2023.1440 

43. Weiss SR. Myocarditis Cases A�er mRNA-Based COVID-19 
Vaccination in the US. JAMA. 2022;327(20):2019-2020.      .         
http://dx.doi.org/10.1001/jama.2022.5131

44. Old�eld PR, Gutschi M, McCullough PA, Speicher DJ. BioNTech’s 
COVID-19 modRNA Vaccines: Dangerous genetic mechanism of 
action released before su�cient preclinical testing. Journal of 
American Physicians and Surgeons. 2024;29(4):118-126.

45. Wiseman D, Guetzkow J, Seligmann H, Franzcog F. Booster Doses 
for P�zer-BioNtech Vaccine. Vaccines and Related Biological 
Products Advisory Committee. 2021. Available on: 
�le:///C:/Users/ADMIN/Downloads/FDA-2021-N-0965-0016_att
achment_1%20(1).pdf 

46. Hromić-Jahjefendić A, Sezer A, Aljabali AAA, Serrano-Aroca Á, 
Tambuwala MM, Uversky VN, et al. COVID-19 Vaccines and 
Myocarditis: An Overview of Current Evidence. Biomedicines. 
2023;11(5):1469. https://doi.org/10.3390/biomedicines11051469 

47. Rose J, Hulscher N, McCullough PA. Determinants of COVID-19 
vaccine-induced myocarditis. �er Adv Drug Saf. 2024;15: 
20420986241226566. https://doi.org/10.1177/20420986241226566 

48. Lee CW, Sa S, Hong M, Kim J, Shim SR, Han HW. Adverse Events 
and Safety Pro�le of the COVID-19 Vaccines in Adolescents: Safety 
Monitoring for Adverse Events Using Real-World Data. Vaccines. 
2022;10(5):744. https://doi.org/10.3390/vaccines10050744 

49. Jeon H-E, Lee S, Lee J, Roh G, Park H-J, Lee Y-S, et al. SARS-CoV2 
mRNA vaccine intravenous administration induces myocarditis in 
chronic in�ammation. PLoS ONE. 2024; 19(10): e0311726. 
https://doi.org/10.1371/journal.pone.0311726 

50. Awaya T, Hara H, Moroi M. Cytokine Storms and Anaphylaxis 
Following COVID-19 mRNA-LNP Vaccination: Mechanisms and 
�erapeutic Approaches. Diseases. 2024;12(10):231.      .         
https://doi.org/10.3390/diseases12100231 

51. Kosto� RN, Kanduc D, Porter AL, Shoenfeld Y, Calina D, Briggs 
MB, et al. Vaccine- and natural infection-induced mechanisms 
that could modulate vaccine safety. Toxicol Rep. 2020;7: 
1448-1458. https://doi.org/10.1016/j.toxrep.2020.10.016 

52. Diaconu R, Mirea O, Bălşeanu TA. Testosterone, cardiomyopathies, 
and heart failure: a narrative review. Asian J Androl. 
2021;23(4):348-356. https://doi.org/10.4103/aja.aja_80_20 

53. Miličić Stanić B, Maddox S, de Souza AMA, Wu X, Mehranfard D, 
Ji H, et al. Male bias in ACE2 basic science research: missed 
opportunity for discovery in the time of COVID-19. Am J Physiol 
Regul Integr Comp Physiol. 2021;320(6):R925-R937.      .         
https://doi.org/10.1152/ajpregu.00356.2020 

54. Fairweather D, Beetler DJ, Musigk N, Heidecker B, Lyle MA, 

Cooper LT Jr, et al. Sex and gender di�erences in myocarditis and 
dilated cardiomyopathy: An update. Front Cardiovasc Med. 
2023;10:1129348. https://doi.org/10.3389/fcvm.2023.1129348

55. Waqar A, Jain A, Joseph C, Srivastava K, Ochuba O, Alkayyali T, et 
al. Cardioprotective Role of Estrogen in Takotsubo Cardiomyopathy. 
Cureus. 2022;14(3):e22845. https://doi.org/10.7759/cureus.22845 

56. Akhtar SM, Gazzaz ZJ, Baig M, Majeed R, Hashmi AA. 
Association Between P�zer COVID-19 Vaccine Adverse E�ects 
and Diabetes Mellitus: A Prospective Multicenter Study. Cureus. 
2023;15(11):e48263. https://doi.org/10.7759/cureus.48263

57. Sutardi AQI, Ramatillah DL. Evaluation comparison between 
Sinovac and P�zer vaccine among indonesian children and 
teenagers under 18 years old. Int J Appl Pharm. 2022;14(2):22–30. 
https://dx.doi.org/10.22159/ijap.2022.v14s2.44745 

58. Piernas C, Patone M, Astbury NM, Gao M, Sheikh A, Khunti K, et al. 
Associations of BMI with COVID-19 vaccine uptake, vaccine 
e�ectiveness, and risk of severe COVID-19 outcomes a�er vaccination in 
England: a population-based cohort study. Lancet Diabetes Endocrinol. 
2022;10(8):571-580. https://doi.org/10.1016/S2213-8587(22)00158-9 

59. Ouaddouh C, Duijster JW, Lieber T, van Hunsel FP. �e role of 
co-morbidities in the development of an AEFI a�er COVID-19 
vaccination in a large prospective cohort with patient-reported 
outcomes in the Netherlands. Expert Opin Drug Saf. 2024;23 
(3):323-331. https://doi.org/10.1080/14740338.2023.2267971 

60. Bianchi FP, Rizzi D, Daleno A, Stefanizzi P, Migliore G, Tafuri S. 
Assessing the temporal and cause-e�ect relationship between 
myocarditis and mRNA COVID-19 vaccines. A retrospective 
observational study. Int J Infect Dis. 2024;141:106960.       .        
https://doi.org/10.1016/j.ijid.2024.02.003 

61. John NA, John J, Kamble P, Singhal A, Daulatabad V, Vamshidhar 
IS. COVID 19 vaccine in patients of hypercoagulable disorders: a 
clinical perspective. Horm Mol Biol Clin Investig. 
2021;43(1):89-96. https://doi.org/10.1515/hmbci-2021-0037 

62. Heil M. Self-DNA driven in�ammation in COVID-19 and a�er 
mRNA-based vaccination: lessons for non- COVID-19 
pathologies. Front Immunol. 2024;14:1259879.      .         
https://doi.org/10.3389/�mmu.2023.1259879 

63. Wu B, Ni H, Li J, Zhuang X, Zhang J, Qi Z, et al. �e Impact of 
Circulating Mitochondrial DNA on Cardiomyocyte Apoptosis and 
Myocardial Injury A�er TLR4 Activation in Experimental 
Autoimmune Myocarditis. Cell Physiol Biochem. 2017;42(2): 
713-728. https://doi.org/10.1159/000477889

64. Ittiwut C, Mahasirimongkol S, Srisont S, Ittiwut R, Chockjamsai 
M, Durongkadech P, et al. Genetic basis of sudden death a�er 
COVID-19 vaccination in �ailand. Heart Rhythm. 2022; 19: 
1874-1879. https://doi.org/10.1016/j.hrthm.2022.07.019 

65. She CH, Tsang HW, Yang X, Tsao SS, Tang CS, Chan SH, et al. 
Genome- wide association study of BNT162b2 vaccine-related 
myocarditis identi�es potential predisposing functional areas in 
Hong Kong adolescents. BMC Genom Data. 2024;25(1):51. 
https://doi.org/10.1186/s12863-024-01238-6 

66. Chen DP, Wen YH, Lin WT, Hsu FP. Association between the side 
e�ect induced by COVID-19 vaccines and the immune regulatory 
gene polymorphism. Front Immunol. 2022;13:941497. 
https://doi.org/10.3389/�mmu.2022.941497 

67. Bolze A, Mogensen TH, Zhang SY, Abel L, Andreakos E, Arkin LM, 
et al. Decoding the Human Genetic and Immunological Basis of 
COVID-19 mRNA Vaccine-Induced Myocarditis. J Clin Immunol. 
2022;42(7):1354-1359. https://doi.org/10.1007/s10875-022-01372-9

68. Patone M, Mei XW, Handunnetthi L, Dixon S, Zaccardi F, Shankar-Hari M, 
et al. Risk of myocarditis a�er sequential doses of COVID-19 vaccine and 
SARS-CoV-2 infection by age and sex. Circulation. 2022;146(10):743-754. 
https://doi.org/10.1161/CIRCULATIONAHA.122.059970

69. Buchan SA, Seo CY, Johnson C, Alley S, Kwong JC, Nasreen S, et al. 
Epidemiology of myocarditis and pericarditis following mRNA 
vaccination by vaccine product, schedule, and interdose interval among 
adolescents and adults in Ontario, Canada. JAMA Netw Open. 2022; 

5(6):e2218505. https://doi.org/10.1001/jamanetworkopen.2022.18505
70. Shar� KA, Dancoes DM, Longueil JL, Johnson ES, Lewis PF. Risk 

of myopericarditis following COVID‐19 mRNA vaccination in a 
large integrated health system: a comparison of completeness and 
timeliness of two methods. Pharmacoepidemiol Drug Saf. 
2022;31(8):921-925. https://doi.org/10.1002/pds.5439 

71. Stowe J, Miller E, Andrews N, Whitaker HJ. Risk of myocarditis and 
pericarditis a�er a COVID-19 mRNA vaccine booster and a�er 
COVID-19 in those with and without prior SARS-CoV-2 infection: 
A self-controlled case series analysis in England. PLoS Med. 2023; 
20(6):e1004245. https://doi.org/10.1371/journal.pmed.1004245

72. Li X, Lai FT, Chua GT, Kwan MY, Lau YL, Ip P, et al. Myocarditis 
following COVID-19 BNT162b2 vaccination among adolescents 
in Hong Kong. JAMA Pediatr. 2022;176(6):612-614. 
https://doi.org/10.1001/jamapediatrics.2022.0101

73. Chua GT, Kwan MYW, Chui CSL, Smith RD, Cheung ECL, Ma T, 
et al. Epidemiology of Acute Myocarditis/Pericarditis in Hong 
Kong Adolescents Following Comirnaty Vaccination. Clin Infect 
Dis. 2022;75(4):673-681. https://doi.org/10.1093/cid/ciab989 

74. Krug A, Stevenson J, Høeg TB. BNT162b2 Vaccine-Associated 
Myo/Pericarditis in Adolescents: A Strati�ed Risk-Bene�t Analysis. Eur 
J Clin Invest. 2022;52(5):e13759.    https://doi.org/10.1111/eci.13759 

75. Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, et al. 
Myocarditis a�er Covid-19 Vaccination in a Large Health Care 
Organization. N Engl J Med. 2021;385(23):2132-2139.       .  
https://doi.org/10.1056/NEJMoa2110737

76. Nygaard U, Holm M, Bohnstedt C, Chai Q, Schmidt LS, Hartling UB, 
et al. Population- based Incidence of Myopericarditis A�er COVID-19 
Vaccination in Danish Adolescents. Pediatr Infect Dis J. 
2022;41(1):e25-e28. https://doi.org/10.1097/INF.0000000000003389 

77. Mevorach D, Anis E, Cedar N, Bromberg M, Haas EJ, Nadir E, et 
al. Myocarditis a�er BNT162b2 mRNA vaccine against Covid-19 
in Israel. N Engl J Med. 2021;385(23):2140-2149.      .         
https://doi.org/10.1056/NEJMoa2109730

78. Foltran D, Delmas C, Flumian C, De Paoli P, Salvo F, Gautier S, et al. 
Myocarditis and pericarditis in adolescents a�er �rst and second doses 
of mRNA COVID-19 vaccines. Eur Heart J Qual Care Clin Outcomes. 
2022;8(2):99-103. https://doi.org/10.1093/ehjqcco/qcab090

79. Munro APS, Feng S, Janani L, Cornelius V, Aley PK, Babbage G, et al.; 
COV-BOOST study group. Safety, immunogenicity, and reactogenicity of 
BNT162b2 and mRNA-1273 COVID-19 vaccines given as fourth-dose 
boosters following two doses of ChAdOx1 nCoV-19 or BNT162b2 and a 
third dose of BNT162b2 (COV-BOOST): a multicentre, blinded, phase 2, 
randomised trial. Lancet Infect Dis. 2022;22(8):1131-1141. 
https://doi.org/10.1016/S1473-3099(22)00271-7

80. Uversky VN, Redwan EM, Makis W, Rubio-Casillas A. IgG4 
Antibodies Induced by Repeated Vaccination May Generate 
Immune Tolerance to the SARS-CoV-2 Spike Protein. Vaccines. 
2023;11(5):991. https://doi.org/10.3390/vaccines11050991 

81. Irrgang P, Gerling J, Kocher K, Lapuente D, Steininger P, Habenicht K, et 
al. Class switch toward nonin�ammatory, spike- speci�c IgG4 antibodies 
a�er repeated SARS-CoV-2 mRNA vaccination. Sci Immunol. 
2023;8(79):eade2798. https://doi.org/10.1126/sciimmunol.ade2798

82. Collier JL, Weiss SA, Pauken KE, Sen DR, Sharpe AH. 
Not-so-opposite ends of the spectrum: CD8+ T cell dysfunction 
across chronic infection, cancer and autoimmunity. Nat Immunol. 
2021;22(7):809-819. https://doi.org/10.1038/s41590-021-00949-7 

83. Liu J, Wang J, Xu J, Xia H, Wang Y, Zhang C, et al. Comprehensive 
investigations revealed consistent pathophysiological alterations 
a�er vaccination with COVID-19 vaccines. Cell Discov. 
2021;7(1):99. https://doi.org/10.1038/s41421-021-00329-3 

84. Ouranidis A, Vavilis T, Mandala E, Davidopoulou C, Stamoula E, 
Markopoulou CK, et al. mRNA �erapeutic Modalities Design, 
Formulation and Manufacturing under Pharma 4.0 Principles. Biomed. 
2021;10(1):50. https://doi.org/10.3390/biomedicines10010050 

85. Milano G, Gal J, Creisson A, Chamorey E. Myocarditis and COVID-19 
mRNA vaccines: a mechanistic hypothesis involving dsRNA. Future 

Virol. 2022;17(3):191-196. https://doi.org/10.2217/fvl-2021-0280 
86. Bourdon PS, Duriseti R, Gromoll HC, Dalton DK, Bardosh K, Krug 

AE. A Reanalysis of the FDA's Bene�t-Risk Assessment of Moderna's 
mRNA-1273 COVID Vaccine: For 18-25-Year-Old Males, Risks 
Exceeded Bene�ts Relative to Hospitalizations. arXiv preprint 
arXiv:2410.11811. 2024. https://doi.org/10.48550/arXiv.2410.11811 

87. Tan LJ, Koh CP, Lai SK, Poh WC, Othman MS, Hussin H. A 
systemic review and recommendation for an autopsy approach to 
death followed the COVID 19 vaccination. Forensic Sci Int. 
2022;340:111469. https://doi.org/10.1016/j.forsciint.2022.111469  

88. Foltran D, Sokolski M. Myocarditis Associated with COVID-19 Vaccination. 
Vaccines. 2024;12(10):1193. https://doi.org/10.3390/vaccines12101193 

89. Tinari S. �e EMA COVID-19 data leak, and what it tells us about mRNA 
instability. BMJ. 2021;372:n627. https://doi.org/10.1136/bmj.n627 

90. COVID-19 Vaccine Moderna. Committee for Medicinal Products 
for Human Use. European Medicines Agency. 2021. 
https://www.ema.europa.eu/en/documents/assessment-report/spi
kevax-previously-covid-19-vaccine-moderna-epar-public-assess
ment-report_en.pdf 

91. Comirnaty (COVID-19 mRNA Vaccine). European Medicines Agency. 2024:1-5. 
https://www.ema.europa.eu/en/documents/overview/comirnaty-epar-medicine-ov
erview_en.pdf 

92. Rosa SS, Prazeres DM, Azevedo AM, Marques MP. mRNA vaccines 
manufacturing: Challenges and bottlenecks. Vaccine. 2021;39 
(16):2190-2200. https://doi.org/10.1016/j.vaccine.2021.03.038 

93. Luo D, Wu Z, Wang D, Zhang J, Shao F, Wang S, et al. Lateral �ow 
immunoassay for rapid and sensitive detection of dsRNA contaminants 
in in vitro-transcribed mRNA products. Mol �er Nucleic Acids. 
2023;32:445-453. https://doi.org/10.1016/j.omtn.2023.04.005

94. Sene� S, Nigh G, Kyriakopoulos AM, McCullough PA. Innate 
immune suppression by SARS-CoV-2 mRNA vaccinations: �e role 
of G-quadruplexes, exosomes, and MicroRNAs. Food Chem 
Toxicol. 2022 ;164:113008. https://doi.org/10.1016/j.fct.2022.113008 

95. Li C, Lee A, Grigoryan L, Arunachalam PS, Scott MK, Trisal M, et 
al. Mechanisms of innate and adaptive immunity to the 
P�zer-BioNTech BNT162b2 vaccine. Nat Immunol. 
2022;23(4):543-555. https://doi.org/10.1038/s41590-022-01163-9  

96. Yu YB, Taraban MB, Briggs KT. All vials are not the same: potential 
role of vaccine quality in vaccine adverse reactions. Vaccine. 
2021;39(45):6565-6569. https://doi.org/10.1016/j.vaccine.2021.09.065 

97. Schmeling M, Manniche V, Hansen PR. Batch-dependent safety of 
the BNT162b2 mRNA COVID-19 vaccine. Eur J Clin Invest. 
2023;53(8):e13998. https://doi.org/10.1111/eci.13998 

98. Speicher DJ, Rose J, Gutschi LM, McKernan K. DNA fragments 
detected in monovalent and bivalent P�zer/BioNTech and 
Moderna modRNA COVID-19 vaccines from Ontario, Canada: 
Exploratory dose response relationship with serious adverse 
events. 2023. https://doi.org/10.31219/osf.io/mjc97

99. McKernan K, Helbert Y, Kane LT, McLaughlin S. Sequencing of 
bivalent Moderna and P�zer mRNA vaccines reveals nanogram to 
microgram quantities of expression vector dsDNA per dose. 2023. 
https://doi.org/10.31219/osf.io/b9t7 

100. Classen B. US COVID-19 vaccines proven to cause more harm 
than good based on pivotal clinical trial data analyzed using the 
proper scienti�c endpoint,“all cause severe morbidity”. Trends Int 
Med. 2021; 1 (1): 1-6. Available at:                        .         
https://healthyandfree.us/wp-content/uploads/2022/01/U.S.-Covi
d-19-Jabs-Proven-to-Cause-More-Harm-than-Good.pdf

101. Mead MN, Sene� S, Wol�nger R, Rose J, Denhaerynck K, Kirsch S, 
et al. COVID-19 modi�ed mRNA “vaccines”: Lessons learned 
from clinical trials, mass vaccination, and the bio-pharmaceutical 
complex, Part 1.  Int. J. Vaccine �eory Pract. Res. 2024;3(2):1112- 
1178. https://doi.org/10.56098/fdrasy50 

102. Benn CS, Schaltz-Buchholzer F, Nielsen S, Netea MG, Aaby P. 
Randomized clinical trials of COVID-19 vaccines: Do 
adenovirus-vector vaccines have bene�cial non-speci�c e�ects? 
Iscience. 2023;26(5):106733. https://doi.org/10.1016/j.isci.2023.106733 

103. Fraiman J, Erviti J, Jones M, Greenland S, Whelan P, Kaplan RM, et al. 
Serious adverse events of special interest following mRNA COVID-19 
vaccination in randomized trials in adults. Vaccine. 2022; 
40(40):5798-5805. https://doi.org/10.1016/j.vaccine.2022.08.036

104. Michels C, Perrier D, Kunadhasan J, Clark E, Gehrett J, Gehrett B, et 
al. Forensic analysis of the 38 subject deaths in the 6-month interim 
report of the P�zer/BioNTech BNT162b2 mRNA vaccine clinical 
trial. 2023:1-20. https://doi.org/10.20944/preprints202309.0131.v1 

105. Bergman F. P�zer caught hiding sudden deaths during Covid 
‘Vaccine’ trials. Substack. Dr. William Makis. 2024. Available at: 
https://substack.com/home/post/p-153921294

106. �omas SJ, Moreira Jr ED, Kitchin N, Absalon J, Gurtman A, 
Lockhart S, et al. Safety and e�cacy of the BNT162b2 mRNA 
Covid-19 vaccine through 6 months. N Engl J Med. 2021;385(19): 
1761-1773. https://doi.org/10.1056/NEJMoa2110345 

107. P�zer. Summary of clinical safety. New York, NY. 2021.Available at: 
https://phmpt.org/wp-content/uploads/2021/12/STN-125742_0_0
-Section-2.7.4-summary-clin-safety.pdf

108. P�zer. Periodic safety update report #3 for active substance: 
COVID-19 modmRNA vaccine, BNT162b2. BioNTech 
Manufacturing GmbH, Mainz, Germany. 2022. Available at: 
https://tkp.at/wp-content/uploads/2023/03/3.PSUR-1.pdf

109. Horowitz D. Con�dential P�zer document shows the company 
observed 1.6 million adverse events covering nearly every organ 
system. 2023. Available at:                        .         
https://www.globalresearch.ca/con�dential-p�zer-document-sho
ws-company-observed-1-6-million-adverse-events-covering-near
ly-every-organ-system/5823115

110. �e WarRoom DailyClout P�zer Documents Analysts. �e P�zer 
Papers: P�zer’s Crimes against Humanity. 2024:35.

111. P�zer. Pharmacovigilance Plan for Biologic License Application 
#125742 Of Covid-19 mRNA vaccine (nucleoside modi�ed) 
(BNT162b2, PF-07302048). Available at:        .         
https://phmpt.org/wp-content/uploads/2023/01/125742_S21_M1
_pharmacovigilance-plan.pdf 

112. Gehrett B, Gehrett J, Flowers C, Britt L. Report 53: 77% of 
Cardiovascular Adverse Events from P�zer’s mRNA COVID Shot 
Occurred in Women, as Well as in People Under Age 65. Two 
Minors Su�ered Cardiac Events. 2024:35. Available at: 
https://dailyclout.io/report-53-cardiovascular-adverse-events/  

113. Kuhbandner C, Reitzner M. Estimation of excess mortality in 
Germany during 2020-2022. Cureus. 2023;15(5): e39371. 
https://doi.org/10.7759/cureus.39371 

114. Aarstad J, Kvitastein OA. Is there a link between the 2021 
COVID-19 vaccination uptake in Europe and 2022 excess 
all-cause mortality? Asian Pac J Health Sci. 2023;10(1):25-31. 
http://dx.doi.org/10.21276/apjhs.2023.10.1.6 

115. Economidou EC, Soteriades ES. Excess mortality in Cyprus during 
the COVID-19 vaccination campaign. Vaccine. 2024;42(15):3375- 
3376. https://doi.org/10.1016/j.vaccine.2023.11.028

116. Raknes G, Fagerås SJ, Sveen KA, Júlíusson PB, Strøm MS. Excess 
non-COVID-19 mortality in Norway 2020–2022. BMC Public 
Health. 2024;24(1):244. https://doi.org/10.1186/s12889-023-17515-5

117. Mostert S, Hoogland M, Huibers M, Kaspers G. Excess mortality 
across countries in the Western World since the COVID-19 
pandemic: ‘Our World in Data’estimates of January 2020 to 
December 2022. BMJ Public Health. 2024;2(1). 
https://doi.org/10.1136/bmjph-2023-000282 

118. Mansanguan S, Charunwatthana P, Piyaphanee W, Dechkhajorn W, 
Poolcharoen A, Mansanguan C. Cardiovascular manifestation of the 
BNT162b2 mRNA COVID-19 vaccine in adolescents. Trop Med 
Infect Dis. 2022;7(8):196. https://doi.org/10.3390/tropicalmed7080196

119. Su WJ, Liu YL, Chang CH, Lin YC, Huang WI, Wu LC, et al. Risk of 
myocarditis and pericarditis following coronavirus disease 2019 
messenger RNA vaccination—a nationwide study. J Microbiol Immunol 
Infect. 2023;56(3):558-565. https://doi.org/10.1016/j.jmii.2023.01.016

120. Bozkurt B, Kamat I, Hotez PJ. Myocarditis with COVID-19 mRNA 

vaccines. Circulation. 2021;144(6):471-484.           .        
https://doi.org/10.1161/CIRCULATIONAHA.121.056135 

121. Chiu SN, Chen YS, Hsu CC, Hua YC, Tseng WC, Lu CW, et al. 
Changes of ECG parameters a�er BNT162b2 vaccine in the senior 
high school students. Eur J Pediatr. 2023;182(3):1155-1162. 
https://doi.org/10.1007/s00431-022-04786-0 

122. Buergin N, Lopez‐Ayala P, Hirsiger JR, Mueller P, Median D, Glarner 
N, et al. Sex‐speci�c di�erences in myocardial injury incidence a�er 
COVID‐19 mRNA‐1273 booster vaccination. Eur J Heart Fail. 
2023;25(10):1871-1881. https://doi.org/10.1002/ejhf.2978

123. Goyal M, Ray I, Mascarenhas D, Kunal S, Sachdeva RA, Ish P. 
Myocarditis post-SARS-CoV-2 vaccination: a systematic review. 
QJM. 2023;116(1):7-25. https://doi.org/10.1093/qjmed/hcac064

124. Schwab C, Domke LM, Hartmann L, Stenzinger A, Longerich T, 
Schirmacher P. Autopsy-based histopathological characterization of 
myocarditis a�er anti-SARS-CoV-2-vaccination. Clin Res Cardiol. 
2023;112(3):431-440. https://doi.org/10.1007/s00392-022-02129-5

125. Hulscher N, Alexander PE, Amerling R, Gessling H, Hodkinson R, 
Makis W, et al. A systematic review of autopsy �ndings in deaths 
a�er COVID-19 vaccination. Forensic Sci Int. 2024:112115. 
https://doi.org/10.1016/j.forsciint.2024.112115

126. Hulscher N, Hodkinson R, Makis W, McCullough PA. Autopsy 
�ndings in cases of fatal COVID‐19 vaccine‐induced myocarditis. 
ESC heart failure. 2024. https://doi.org/10.1002/ehf2.14680 

127. Liberale L, Badimon L, Montecucco F, Lüscher TF, Libby P, Camici 
GG. In�ammation, aging, and cardiovascular disease: JACC 
review topic of the week. J Am Coll Cardiol. 2022;79(8):837-847. 
https://doi.org/10.1016/j.jacc.2021.12.017 

128. Blaylock RL. COVID UPDATE: What is the truth? Surg Neurol 
Int. 2022;13:167. https://doi.org/10.25259/SNI_150_2022

129. Larson KF, Ammirati E, Adler ED, Cooper Jr LT, Hong KN, 
Saponara G, et al. Myocarditis a�er BNT162b2 and mRNA-1273 
vaccination. Circulation. 2021;144(6):506-508.             .         
https://doi.org/10.1161/CIRCULATIONAHA.121.055913 

130. Engler RJ, Montgomery JR, Spooner CE, Nelson MR, Collins LC, 
Ryan MA, et al. Myocarditis and pericarditis recovery following 
smallpox vaccine 2002–2016: A comparative observational cohort 
study in the military health system. PloS one. 2023;18(5): 
e0283988. https://doi.org/10.1371/journal.pone.0283988

131. Grabenstein JD, Winkenwerder Jr W. US military smallpox 
vaccination program experience. Jama. 2003;289(24):3278-3282. 
https://doi.org/10.1001/jama.289.24.3278

132. Military Community Demographics, 2021.                   .        
https://www.militar yonesource.mil/data-research-and- 
statistics/military-community-demographics/ 

133. Deputy Secretary of Defense. Mandatory coronavirus disease 2019 
vaccination of DoD civilian employees. 2021.            .    
https://media.defense.gov/2021/Oct/04/2002867430/-1/-1/0/MA
NDATORY-CORONAVIRUS-DISEASE-2019-VACCINATION-
OF-DOD-CIVILIAN-EMPLOYEES-OSD008990-21-RESP-FINA
L.PDF

134. Romero E, Fry S, Hooker B. Safety of mRNA vaccines administered 
during the �rst twenty-four months of the International COVID-19 
vaccination program. Int J Vaccine �eory Pract Res. 
2023;3(1):891-910. https://doi.org/10.56098/ijvtpr.v3i1.70

135. Hurley P, Krohn M, LaSala T, Leavitt R, MacDonald CS, Nolan P, Rulis S, 
Sawyer M. Group Life COVID-19 Mortality Survey Report. Society of 
Actuaries Research Institute, Schaumburg, Illinois. 2023. Available at  
https://www.soa.org/resources/experience-studies/2023/group-life-covid-
mort-06-23/

136. Dowd E. " Cause Unknown": �e Epidemic of Sudden Deaths in 
2021 & 2022. Simon and Schuster; 2022.

137. Quarterly Excess Death Rate Analysis. Centers for Disease Control 
and Prevention. Phinance Technologies. 2023.            .    
https://phinancetechnologies.com/HumanityProjects/Quarterly%
20Excess%20Death%20Rate%20Analysis%20-%20US.htm    

138. �e Vigilant Fox. Edward Dowd presents irrefutable evidence vaccine 

mandates killed and disabled countless Americans. 2023. Available at: 
https://dailyclout.io/edward-dowd-presents-irrefutable-evidence-vacc
ine-mandates-killed-disabled-countless-americans/

139. McLachlan S, Osman M, Dube K, Chiketero P, Choi Y, Fenton N. 
Analysis of COVID-19 vaccine death reports from the Vaccine 
Adverse Events Reporting System (VAERS) database interim: Results 
and analysis. 2021:1-17. https://doi.org/10.13140/RG.2.2.26987.26402

140. Shimabukuro TT, Nguyen M, Martin D, DeStefano F. Safety monitoring 
in the vaccine adverse event reporting system (VAERS). Vaccine. 
2015;33(36):4398-4405. https://doi.org/10.1016/j.vaccine.2015.07.035

141. Amir M, Latha S, Sharma R, Kumar A. Association of cardiovascular 
events with COVID-19 vaccines using vaccine adverse event reporting 
system (VAERS): A retrospective study. Curr Drug Saf. 2024;19(3):402-406. 
https://doi.org/10.2174/0115748863276904231108095255

142. Varricchio F, Iskander J, Destefano F, Ball R, Pless R, Braun MM, 
Chen RT. Understanding vaccine safety information from the 
vaccine adverse event reporting system. Pediatr Infect Dis J. 2004; 
23(4):287-294. https://doi.org/10.1097/00006454-200404000-00002 

143. Lazarus R, Klompas M, Bernstein S. Electronic Support for Public 
Health–Vaccine Adverse Event Reporting System (ESP: VAERS). 
Grant. Final Report, Grant ID: R18 HS. 2010;17045. Available at: 
https://www.corruptedsystem.com/uploads/r18hs017045-lazarus-
�nal-report-2011.pdf

144. Montag K, Kampf G. Hospitalised Myocarditis and pericarditis 
cases in germany indicate a higher post-vaccination risk for young 
people mainly a�er COVID-19 vaccination. J Clin Med. 
2022;11(20):6073. https://doi.org/10.3390/jcm11206073 

145. Rose J. Critical appraisal of VAERS pharmacovigilance: Is the US 
vaccine adverse events reporting system (VAERS) a functioning 
pharmacovigilance system. Publ Health Pol the Law. 
2021;3:100-129.

146. Yan MM, Zhao H, Li ZR, Chow JW, Zhang Q, Qi YP, et al. Serious 
adverse reaction associated with the COVID-19 vaccines of 
BNT162b2, Ad26. COV2. S, and mRNA-1273: gaining insight 
through the VAERS. Frontiers in pharmacology. 2022;13:921760. 
https://doi.org/10.3389/fphar.2022.921760

147. Cadegiani FA. Catecholamines Are the Key Trigger of COVID-19 
mRNA Vaccine-Induced Myocarditis: A Compelling Hypothesis 
Supported by Epidemiological, Anatomopathological, Molecular, 
and Physiological Findings. Cureus. 2022;14(8):e27883. 
https://doi.org/10.7759/cureus.27883

148. Choi S, Lee S, Seo JW, Kim MJ, Jeon YH, Park JH, et al. 
Myocarditis-induced sudden death a�er BNT162b2 mRNA 
COVID-19 vaccination in Korea: Case report focusing on 
histopathological �ndings. J Korean Med Sci. 2021;36(40):e286. 
https://doi.org/10.3346/jkms.2021.36.e286

149. Gill JR, Tashjian R, Duncanson E. Autopsy histopathologic cardiac 
�ndings in 2 adolescents following the second COVID-19 vaccine 
dose. Arc Path Lab Med. 2022;146(8):925-929.      .         
https://doi.org/10.5858/arpa.2021-0435-SA

150. Park JH, Kim KH. COVID-19 vaccination-related myocarditis: 
what we learned from our experience and what we need to do in 
the future. Korean Circ J. 2024;54(6):295-310.      .         
https://doi.org/10.4070/kcj.2024.0065 

151. Bille K, Figueiras D, Schamasch P, Kappenberger L, Brenner JI, 
Meijboom FJ, et al. Sudden cardiac death in athletes: the Lausanne 
Recommendations. Eur J Cardiovasc Prev Rehabil. 2006;13(6): 
859-875. https://doi.org/10.1097/01.hjr.0000238397.50341.4a

152. Polykretis P, McCullough PA. Rational harm-bene�t assessments by 
age group are required for continued COVID-19 vaccination. Scand 
J Immunol. 2023;98(1):e13242. https://doi.org/10.1111/sji.13242 

153. Alexander LK, Small JD, Edwards S, Baric RS. An experimental 
model for dilated cardiomyopathy a�er rabbit coronavirus 
infection. J Infect Dis. 1992;166(5):978-985.            .         
https://doi.org/10.1093/infdis/166.5.978 

154. Alexander LK, Keene BW, Yount BL, Geratz JD, Small JD, Baric RS. 
ECG changes a�er rabbit coronavirus infection. J Electrocardiol. 

1999;32(1):21-32. https://doi.org/10.1016/S0022-0736(99)90018-3 
155. Long B, Brady WJ, Koyfman A, Gottlieb M. Cardiovascular 

complications in COVID-19. Am J Emerg Med. 
2020;38(7):1504-1507. https://doi.org/10.1016/j.ajem.2020.04.048 

156. Hudowenz O, Klemm P, Lange U, Rolf A, Schultheiss HP, Hamm 
C, et al. Case report of severe PCR-con�rmed COVID-19 
myocarditis in a European patient manifesting in mid January 
2020. Eur Heart J Case Rep. 2020;4(6):1-6.         .         
https://doi.org/10.1093/ehjcr/ytaa286 

157. Papageorgiou JM, Almroth H, Törnudd M, van der Wal H, 
Varelogianni G, Lawesson SS. Fulminant myocarditis in a 
COVID-19 positive patient treated with mechanical circulatory 
support - a case report. Eur Heart J Case Rep. 2020;5(2):ytaa523. 
https://doi.org/10.1093/ehjcr/ytaa523

158. ACC Underscores Safety of COVID-19 Vaccine. American College 
of Cardiology. 2022. Available on:                   .         
https://www.acc.org/Latest-in-Cardiology/Articles/2022/10/14/15
/13/ACC-Underscores-Safety-of-COVID-19-Vaccine

159. Chung MK, Zidar DA, Bristow MR, Cameron SJ, Chan T, Harding 
CV III, et al. COVID-19 and Cardiovascular Disease: From Bench 
to Bedside. Circ Res. 2021;128(8):1214-1236.            .         
https://doi.org/10.1161/CIRCRESAHA.121.317997 

160. McCarthy C, Li S, Wang TY, Raber I, Sandoval Y, Smilowitz NR, et 
al. Implementation of High-Sensitivity Cardiac Troponin Assays 
in the United States. J Am Coll Cardiol. 2023;81(3):207-219. 
https://doi.org/10.1016/j.jacc.2022.10.017

161. Gottlieb M, Sansom S, Frankenberger C, Ward E, Hota B. Clinical 
Course and Factors Associated with Hospitalization and Critical 
Illness Among COVID-19 Patients in Chicago, Illinois. Acad 
Emerg Med. 2020;27(10):963-973.               .         
https://doi.org/10.1111/acem.14104 

162. Chauin A. �e Main Causes and Mechanisms of Increase in Cardiac 
Troponin Concentrations Other �an Acute Myocardial Infarction 
(Part 1): Physical Exertion, In�ammatory Heart Disease, 
Pulmonary Embolism, Renal Failure, Sepsis. Vasc Health Risk 
Manag. 2021;17:601-617. https://doi.org/10.2147/VHRM.S327661 

163. Chuang AM, Nguyen MT, Kung WM, Lehman S, Chew DP. 
High-sensitivity troponin in chronic kidney disease: Considerations 
in myocardial infarction and beyond. Rev Cardiovasc Med. 
2020;21(2):191-203. https://doi.org/10.31083/J.RCM.2020.02.17 

164. Siripanthong B, Nazarian S, Muser D, Deo R, Santangeli P, Khanji 
MY, et al. Recognizing COVID-19-related myocarditis: �e 
possible pathophysiology and proposed guideline for diagnosis 
and management. Heart Rhythm. 2020;17(9):1463-1471. 
https://doi.org/10.1016/j.hrthm.2020.05.001 

165. Castiello T, Georgiopoulos G, Finocchiaro G, Claudia M, Gianatti 
A, Delialis D, et al. COVID-19 and myocarditis: a systematic 
review and overview of current challenges. Heart Fail Rev. 
2022;27(1):251-261. https://doi.org/10.1007/s10741-021-10087-9 

166. Mele D, Flamigni F, Rapezzi C, Ferrari R. Myocarditis in COVID-19 
patients: current problems. Intern Emerg Med. 2021;16 
(5):1123-1129. https://doi.org/10.1007/s11739-021-02635-w 

167. Alcoba G, Keitel K, Maspoli V, Lacroix L, Manzano S, Gehri M, et 
al. A three-step diagnosis of pediatric pneumonia at the 
emergency department using clinical predictors, C- reactive 
protein, and pneumococcal PCR. Eur J Pediatr. 
2017;176(6):815-824. https://doi.org/10.1007/s00431-017-2913-0

168. Karbalai Saleh S, Oraii A, Soleimani A, Hadadi A, Shajari Z, Montazeri 
M, et al. �e association between cardiac injury and outcomes in 
hospitalized patients with COVID-19. Intern Emerg Med. 
2020;15(8):1415-1424. https://doi.org/10.1007/s11739-020-02466-1

169. Jalali F, Hatami F, Saravi M, Jafaripour I, Hedayati MT, Amin K, et 
al. Characteristics and outcomes of hospitalized patients with 
cardiovascular complications of COVID-19. J Cardiovasc �orac 
Res. 2021;13(4):355-363. https://doi.org/10.34172/jcvtr.2021.53 

170. Held KS. COVID-19 statistics and facts: Meaningful or a means of 
manipulation? J Am Physicians Surg. 2020; 25(3), 70-72. 

https://jpands.org/vol25no3/held.pdf 
171. Tom MR, Mina MJ. To Interpret the SARS-CoV-2 Test, Consider 

the Cycle �reshold Value. Clin Infect Dis. 2020;71(16):2252- 
2254. https://doi.org/10.1093/cid/ciaa619 

172. Doshi P, Powers JH. Determining the Infectious Potential of 
Individuals with Positive Reverse- Transcription Polymerase 
Chain Reaction Severe Acute Respiratory Syndrome Coronavirus 
2 Tests. Clin Infect Dis. 2021;73(11):e3900-e3901.          .         
https://doi.org/10.1093/cid/ciaa1819 

173. Je�erson T, Spencer EA, Brassey J, Heneghan C. Viral Cultures for 
Coronavirus Disease 2019 Infectivity Assessment: A Systematic 
Review. Clin Infect Dis. 2021;73(11):e3884-e3899.      .         
https://doi.org/10.1093/cid/ciaa1764 

174. McLeod D, Martins I, Pelech S, Beck C, Shaw CA. Dispelling the 
myth of a pandemic of the unvaccinated. Int J Vaccine �eory Pract 
Res. 2021; 2(1), 267–286. https://doi.org/10.56098/ijvtpr.v2i1.38 

175. Buitrago-Garcia D, Ipekci AM, Heron L, Imeri H, 
Araujo-Chaveron L, Arevalo-Rodriguez I, et al. Occurrence and 
transmission potential of asymptomatic and presymptomatic 
SARS-CoV-2 infections: Update of a living systematic review and 
meta-analysis. PLoS Med. 2022;19(5):e1003987.      .         
https://doi.org/10.1371/journal.pmed.1003987 

176. Gao W, Lv J, Pang Y, Li LM. Role of asymptomatic and 
pre-symptomatic infections in covid-19 pandemic. BMJ. 
2021;375:n2342. https://doi.org/10.1136/bmj.n2342

177. Bergeri I, Whelan MG, Ware H, Subissi L, Nardone A, Lewis HC, 
et al.; Unity Studies Collaborator Group. Global SARS-CoV-2 
seroprevalence from January 2020 to April 2022: A systematic 
review and meta- analysis of standardized population-based 
studies. PLoS Med. 2022;19(11):e1004107.      .         
https://doi.org/10.1371/journal.pmed.1004107 

178. Azami M, Moradi Y, Moradkhani A, Aghaei A. SARS-CoV-2 
seroprevalence around the world: an updated systematic review 
and meta-analysis. Eur J Med Res. 2022;27(1):81.      .         
https://doi.org/10.1186/s40001-022-00710-2 

179. Kucirka LM, Lauer SA, Laeyendecker O, Boon D, Lessler J. 
Variation in False-Negative Rate of Reverse Transcriptase 
Polymerase Chain Reaction-Based SARS-CoV-2 Tests by Time 
Since Exposure. Ann Intern Med. 2020;173(4):262-267. 
https://doi.org/10.7326/M20-1495 

180. Mina MJ, Parker R, Larremore DB. Rethinking Covid-19 Test 
Sensitivity - A Strategy for Containment. N Engl J Med. 
2020;383(22):e120. https://doi.org/10.1056/NEJMp2025631

181. Caplan A, Bates KW, Brioni C, Santos A, Sabatini LM, Kaul KL, et al. 
Clinical characteristics and viral load dynamics of COVID-19 in a 
mildly or moderately symptomatic outpatient sample. PLoS One. 
2021;16(10):e0258970. https://doi.org/10.1371/journal.pone.0258970 

182. Klein H, Asseo K, Karni N, Benjamini Y, Nir-Paz R, Muszkat M, et 
al. Onset, duration and unresolved symptoms, including smell and 
taste changes, in mild COVID-19 infection: a cohort study in 
Israeli patients. Clin Microbiol Infect. 2021;27(5):769–774. 
https://doi.org/10.1016/j.cmi.2021.02.008 

183. Russell TW, Golding N, Hellewell J, Abbott S, Wright L, Pearson 
CAB, et al. Reconstructing the early global dynamics of 
under-ascertained COVID-19 cases and infections. BMC Med. 
2020;18(1):332. https://doi.org/10.1186/s12916-020-01790-9 

184. Havers FP, Reed C, Lim T, Montgomery JM, Klena JD, Hall AJ, et al. 
Seroprevalence of Antibodies to SARS-CoV-2 in 10 Sites in the 
United States, March 23-May 12, 2020. JAMA Intern Med. 2020;180 
(12):1576-1586. https://doi.org/10.1001/jamainternmed.2020.4130 

185. Estimated COVID-19 Burden. United States Centers for Disease 
Control and Prevention. 2021. Available at:      .         
https://archive.cdc.gov/www_cdc_gov/coronavirus/2019-ncov/ca
ses-updates/burden.html 

186. Ferguson N, Ghani A, Hinsley W, Volz E. Report 50: 
Hospitalisation risk for Omicron cases in England. Imperial 
College London. 2021:1-12. https://doi.org/10.25561/93035 

187. Gaughan C, Massie L, Braunholtz D, Howells T, Fordham E. Coronavirus 
(COVID-19) Infection Survey Technical Article: Cumulative Incidence of 
the Number of People Who Have Tested Positive for COVID-19, UK. 
O�ce for National Statistics. 2023.Available at:          .         
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocial
care/conditionsanddiseases/articles/coronaviruscovid19infectionsurveytec
hnicalarticlecumulativeincidenceo�henumberofpeoplewhohavebeeninfec
tedwithcovid19byvariantandageengland/9february2023 

188. Bourdon PS, Pantazatos SP. Why a major study on myocarditis risk 
following COVID vaccination should not in�uence public-health policy. 
Front. Med. 2023; 10:1126945. https://doi.org/10.3389/fmed.2023.1126945

189. Knudsen B, Prasad V. COVID-19 vaccine induced myocarditis in 
young males: A systematic review. Eur J Clin Invest. 
2023;53(4):e13947. https://doi.org/10.1111/eci.13947 

190. Cordero A, Cazorla D, Escribano D, Quintanilla MA, López-Ayala 
JM, Berbel PP, et al. Myocarditis a�er RNA-based vaccines for 
coronavirus. Int J Cardiol. 2022;353:131-134.           .         
https://doi.org/10.1016/j.ijcard.2022.01.037 

191. Wang M, Wen W, Zhou M, Wang C, Feng ZH. Meta-Analysis of 
Risk of Myocarditis A�er Messenger RNA COVID-19 Vaccine. 
Am J Cardiol. 2022;167:155-157.                    .        
https://doi.org/10.1016/j.amjcard.2021.12.007

192. Kämmerer U, Pekova S, Klement R, Louwen R, Borger P, Steger K. 
RT-PCR test targeting the conserved 5’-UTR of SARS-CoV-2 
overcomes shortcomings of the �rst WHO-recommended 
RT-PCR test. Int J Vaccine �eory Pract Res. 2023; 3(1):818-846. 
https://doi.org/10.56098/ijvtpr.v3i1.71  

193. Franchi F, Tomsic J. Comments on Kämmerer, et al. Regarding 
RT-PCR Testing. Int J Vaccine �eory Pract Res. 2023; 3(1), 
846.1-846.4. https://doi.org/10.56098/ijvtpr.v3i1.82

194. Patterson BK, Yogendra R, Francisco EB, Long E, Pise A, Osgood E, et 
al. Persistence of S1 spike protein in CD16+ monocytes up to 245 days 
in SARS-CoV-2 negative post COVID-19 vaccination individuals with 
post-acute sequalae of COVID-19 (PASC)-like symptoms. medRxiv. 
2024:2024-2103. https://doi.org/10.1101/2024.03.24.24304286 

195. Parry PI, Lefringhausen A, Turni C, Neil CJ, Cosford R, Hudson 
NJ, et al. 'Spikeopathy': COVID-19 Spike Protein Is Pathogenic, 
from Both Virus and Vaccine mRNA. Biomedicines. 
2023;11(8):2287. https://doi.org/10.3390/biomedicines11082287

196. Patel P, �ompson PD. Diagnosing COVID-19 myocarditis in 
athletes using cMRI. Trends Cardiovasc Med. 2022;32(3):146-150. 
https://doi.org/10.1016/j.tcm.2021.12.009 

197. Shave R, George KP, Atkinson G, Hart E, Middleton N, Whyte G, 
et al. Exercise- induced cardiac troponin T release: a 
meta-analysis. Med Sci Sports Exerc. 2007;39(12):2099–2106. 
https://doi.org/10.1249/mss.0b013e318153�78 

198. Małek ŁA, Marczak M, Miłosz-Wieczorek B, Konopka M, Braksator 
W, Drygas W et al. Cardiac involvement in consecutive elite athletes 
recovered from COVID-19: a magnetic resonance study. J Magn 
Reson Imaging. 2021. https://doi.org/10.1002/jmri.27513 

199. Maestrini V, Merghani A, Rosmini S, Cox A, Bulluck H, Culotta V, 
et al. CMR �ndings in high endurance veteran athletes - a 247 
subject study. J Cardiovasc Magn Reson. 2016;18(1):O38. 
https://doi.org/10.1186/1532-429X-18-S1-O38

200. Clark DE, Parikh A, Dendy JM, Diamond AB, George-Durrett K, Fish 
FA, et al. COVID-19 myocardial pathology evaluation in athletes with 
cardiac magnetic resonance (COMPETE CMR). Circulation. 2021;143 
(6):609-612. https://doi.org/10.1161/CIRCULATIONAHA.120.052573

201. Daniels CJ, Rajpal S, Greenshields JT, Rosenthal GL, Chung EH, 
Terrin M, et al. Prevalence of clinical and subclinical myocarditis in 
competitive athletes with recent SARS-CoV-2 infection: results 
from the big ten COVID-19 cardiac registry. JAMA Cardiol. 2021;6 
(9):1078-1087. https://doi.org/10.1001/jamacardio.2021.2065

202. Fenton N, Neil M. Fighting Goliath: Exposing the �awed science 
and statistics behind the COVID-19 event. Sovereign Rights 
Publishing. 2024.

203. Birtolo LI, Di Pietro G, Ciu�reda A, Improta R, Monosilio S, Prosperi 

S, et al. �e impact of vaccination status on post-acute sequelae in 
hospitalized COVID- 19 survivors using a multi-disciplinary 
approach: An observational single center study. Heliyon. 
2024;10(22):e40409. https://doi.org/10.1016/j.heliyon.2024.e40409 

204. Andrews CD, Parker EPK, Horne E, Walker V, Palmer T, Scha�er 
AL, et al. OpenSAFELY: E�ectiveness of COVID-19 vaccination in 
children and adolescents. medRxiv. 2024:2024-2105.      .          
https://doi.org/10.1101/2024.05.20.24306810

205. Boehmer TK, Kompaniyets L, Lavery AM, Hsu J, Ko JY, Yusuf H, 
et al. Association Between COVID-19 and Myocarditis Using 
Hospital-Based Administrative Data - United States, March 
2020-January 2021. MMWR Morb Mortal Wkly Rep. 2021;70(35): 
1228-1232. http://dx.doi.org/10.15585/mmwr.mm7035e5

206. Klement RJ, Walach H. Commentary: raised c-troponin levels as a 
sign of myocardial injury a�er COVID- 19 vaccination in healthy 
individuals are worrying. Egypt Heart J. 2024;76(1):16. 
https://doi.org/10.1186/s43044-024-00441-1

207. Alhussein MM, Rabbani M, Sarak B, Dykstra S, Labib D, Flewitt J, 
et al. Natural history of myocardial injury a�er COVID-19 
vaccine–associated myocarditis. Can J Cardiol. 2022;38(11):1676- 
1683. https://doi.org/10.1016/j.cjca.2022.07.017

208. Nakahara T, Iwabuchi Y, Miyazawa R, Tonda K, Shiga T, Strauss 
HW, et al. Assessment of myocardial 18F-FDG uptake at PET/CT 
in asymptomatic SARS-CoV-2–vaccinated and nonvaccinated 
patients. Radiol. 2023;308(3):e230743.                    .         
https://doi.org/10.1148/radiol.230743

209. Harris KM, Mackey-Bojack S, Bennett M, Nwaudo D, Duncanson 
E, Maron BJ. Sudden unexpected death due to myocarditis in 
young people, including athletes. Am J Cardiol. 2021;143:131-134. 
https://doi.org/10.1016/j.amjcard.2020.12.028

210. Markwerth P, Bajanowski T, Tzimas I, Dettmeyer R. Sudden 
cardiac death—update. Int J Legal Med. 2021;135:483-495. 
https://doi.org/10.1007/s00414-020-02481-z

211. Ammirati E, Frigerio M, Adler ED, Basso C, Birnie DH, Brambatti M, et al. 
Management of acute myocarditis and chronic in�ammatory 
cardiomyopathy: an expert consensus document. Circ Heart Fail. 2020;13 
(11):e007405. https://doi.org/10.1161/CIRCHEARTFAILURE.120.007405

212. McGonagle D, Giryes S. An immunology of coronary atherosclerosis 
and unexplained sudden death in the COVID-19 era. Autoimmun 
Rev. 2024;103642. https://doi.org/10.1016/j.autrev.2024.103642

213. Sousa PM, Silva EA, Campos MA, Lages JS, Corrêa RD, Silva GE. 
Fatal myocarditis following COVID-19 mrna immunization: a 
case report and di�erential diagnosis review. Vaccines. 
2024;12(2):194. https://doi.org/10.3390/vaccines12020194

214. Lynge TH, Nielsen TS, Winkel BG, Tfelt-Hansen J, Banner J. Sudden 
cardiac death caused by myocarditis in persons aged 1–49 years: a 
nationwide study of 14 294 deaths in Denmark. Forensic Sci. Res. 
2019;4(3):247-256. https://doi.org/10.1080/20961790.2019.1595352

215. Ali-Ahmed F, Dalgaard F, Al-Khatib SM. Sudden cardiac death in patients 
with myocarditis: Evaluation, risk strati�cation, and management. Am 
Heart J. 2020;220:29-40. https://doi.org/10.1016/j.ahj.2019.08.007

216. Richter S, Schwab T, Berchthold-Herz M, Beyersdorf F, Schlensak 
C, Bode C, et al. Borderline-Myokarditis als Auslöser für 
therapierefraktäres Kammer�immern. Intensivmed. 2008;45(5): 
287-291. https://doi.org/10.1007/s00390-008-0865-3

217. De Salvia A, De Leo D, Carturan E, Basso C. Sudden cardiac death, 
borderline myocarditis and molecular diagnosis: evidence or 
assumption?. Med Sci Law. 2011;51(1_suppl):27-29.      .         
https://doi.org/10.1258/msl.2010.010056 

218. Makis, W. Personal communications.2024
219. Hulscher N, Cook M, Stricker R, McCullough PA. Excess 

cardiopulmonary arrest and mortality a�er COVID-19 
vaccination in King County, Washington. 2024.            .         
https://www.preprints.org/manuscript/202405.1665/v1 

220. Yeo YH, Wang M, He X, Lv F, Zhang Y, Zu J, et al. Excess risk for 
acute myocardial infarction mortality during the COVID‐19 
pandemic. J Med Virol. 2023;95(1):e28187.                .         

https://doi.org/10.1002/jmv.28187 
221. Martin SS, Aday AW, Almarzooq ZI, Anderson CA, Arora P, Avery CL, et 

al. 2024 heart disease and stroke statistics: a report of US and global data 
from the American Heart Association. Circulation. 2024;149(8):e347-e913. 
https://doi.org/10.1161/CIR.0000000000001209 

222. Janus SE, Makhlouf M, Chahine N, Motairek I, Al-Kindi SG. 
Examining disparities and excess cardiovascular mortality before 
and during the COVID-19 pandemic. Mayo Clin Proc. 2022;97(12): 
2206-2214. https://doi.org/10.1016/j.mayocp.2022.07.008

223. Woodru� RC, Tong X, Khan SS, Shah NS, Jackson SL, Loustalot F, 
et al. Trends in cardiovascular disease mortality rates and excess 
deaths, 2010–2022. Am J Prev Med. 2024;66(4):582-589. 
https://doi.org/10.1016/j.amepre.2023.11.009

224. Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, et al. 
Myocarditis a�er Covid-19 vaccination in a large health care 
organization.  N Engl J Med. 2021;385(23):2132-2139.      .         
https://doi.org/10.1056/NEJMoa2110737

225. Ferreira JP, Machu JL, Girerd N, Jaisser F, �um T, Butler J, et al. 
Rationale of the FIBROTARGETS study designed to identify novel 
biomarkers of myocardial �brosis. ESC Heart Fail. 2018;5(1): 
139-148. https://doi.org/10.1002/ehf2.12218

226. Tzahor E, Poss KD. Cardiac regeneration strategies: staying young 
at heart. Science. 2017;356(6342):1035-1039.        .         
https://doi.org/10.1126/science.aam5894

227. Barmada A, Klein J, Ramaswamy A, Brodsky NN, Jaycox JR, 
Sheikha H, et al. Cytokinopathy with aberrant cytotoxic 
lymphocytes and pro�brotic myeloid response in SARS-CoV-2 
mRNA vaccine–associated myocarditis. Sci Immunol. 2023;8(83): 
eadh3455. https://doi.org/10.1126/sciimmunol.adh3455

228. Yu CK, Tsao S, Ng CW, Chua GT, Chan KL, Shi J, et al. 
Cardiovascular assessment up to one year a�er COVID-19 
vaccine–associated myocarditis. Circ. 2023;148(5):436-439. 
https://doi.org/10.1161/CIRCULATIONAHA.123.064772

229. Brociek E, Tymińska A, Giordani AS, Caforio AL, Wojnicz R, 
Grabowski M, et al. Myocarditis: etiology, pathogenesis, and their 
implications in clinical practice. Biol. 2023;12(6):874. 
https://doi.org/10.3390/biology12060874

230. Jain SS, Anderson SA, Steele JM, Wilson HC, Muniz JC, Soslow 
JH, et al. Cardiac manifestations and outcomes of COVID-19 
vaccine-associated myocarditis in the young in the USA: 
longitudinal results from the Myocarditis A�er COVID 
Vaccination (MACiV) multicenter study. EClinicalMedicine. 
2024;76. https://doi.org/10.1016/j.eclinm.2024.102809

231. Sharma AN, Stultz JR, Bellamkonda N, Amsterdam EA. 
Fulminant myocarditis: epidemiology, pathogenesis, diagnosis, 
and management. Am J Cardiol. 2019;124(12):1954-1960. 
https://doi.org/10.1016/j.amjcard.2019.09.017

232. Chau EM, Chow WH, Chiu CS, Wang E. Treatment and outcome 
of biopsy-proven fulminant myocarditis in adults. Int J Cardiol. 
2006;110(3):405-406. https://doi.org/10.1016/j.ijcard.2005.07.082

233. Jiang J, Wang DW. Follow-Up and Long-Term Prognosis of 
Myocarditis and Fulminant Myocarditis. InFulminant Myocarditis 
2022;277-288.  https://doi.org/10.1007/978-981-19-5759-8_19

234. Lindner D, Fitzek A, Bräuninger H, Aleshcheva G, Edler C, Meissner 
K, et al. Association of cardiac infection with SARS-CoV-2 in 
con�rmed COVID-19 autopsy cases. JAMA Cardiol. 2020;5(11): 
1281-1285. https://doi.org/doi:10.1001/jamacardio.2020.3551

235. Watanabe S, Hama R. SARS-CoV-2 vaccine and increased myocarditis 
mortality risk: A population based comparative study in Japan. 
medRxiv. 2022:2022-10. https://doi.org/10.1101/2022.10.13.22281036

236. Abrams JY, Oster ME, Godfred-Cato SE, Bryant B, Datta SD, Campbell 
AP, et al. Factors linked to severe outcomes in multisystem 
in�ammatory syndrome in children (MIS-C) in the USA: a 
retrospective surveillance study. Lancet Child Adolesc Health. 2021; 
5(5):323-331. https://doi.org/10.1016/S2352-4642(21)00050-X

237. Verma AK, Lavine KJ, Lin CY. Myocarditis a�er Covid-19 mRNA 
vaccination. N Engl J Med. 2021;385(14):1332-1334.      .         

https://www.nejm.org/doi/full/10.1056/NEJMc2109975
238. Shime M, Nozaki Y, Morita A, Ishiodori T, Murakami T, Yamasaki 

H, et al. Life‐threatening severe acute respiratory syndrome 
coronavirus‐2 mRNA vaccine‐associated myocarditis a�er 
COVID‐19 myocarditis. J Paediatr Child Health. 2023;59(12). 
https://doi.org/10.1111/jpc.16498

239. Takada K, Taguchi K, Samura M, Igarashi Y, Okamoto Y, Enoki Y, 
et al. SARS-CoV-2 mRNA vaccine-related myocarditis and 
pericarditis: An analysis of the Japanese Adverse Drug Event 
Report database. J Infect Chemother. 2025;31(1):102485. 
https://doi.org/10.1016/j.jiac.2024.07.025

240. Husby A, Gulseth HL, Hovi P, Hansen JV, Pihlström N, Gunnes N, et al. 
Clinical outcomes of myocarditis a�er SARS-CoV-2 mRNA vaccination 
in four Nordic countries: population-based cohort study. BMJ Med. 
2023;2(1):e000373. https://doi.org/10.1136/bmjmed-2022-000373

241. Adab P, Haroon S, O’Hara ME, Jordan RE. Comorbidities and 
covid-19. Bmj. 2022;377. https://doi.org/10.1136/bmj.o1431

242. Dominguez LJ, Barbagallo M. �e biology of the metabolic 
syndrome and aging. Curr Opin Clin Nutr Metab Care. 2016; 
19(1):5-11. https://doi.org/10.1097/MCO.0000000000000243

243. Al-So�ani ME, Ganji SS, Kalyani RR. Body composition changes 
in diabetes and aging. J Diabetes Complications. 2019;33(6): 
451-459. https://doi.org/10.1016/j.jdiacomp.2019.03.007

244. Kruglikov IL, Shah M, Scherer PE. Obesity and diabetes as 
comorbidities for COVID-19: Underlying mechanisms and the 
role of viral–bacterial interactions. Elife. 2020;9:e61330. 
https://doi.org/10.7554/eLife.61330

245. Shah H, Khan MS, Dhurandhar NV, Hegde V. �e triumvirate: 
why hypertension, obesity, and diabetes are risk factors for adverse 
e�ects in patients with COVID-19. Acta Diabetol. 2021;58(7): 
831-843. https://doi.org/10.1007/s00592-020-01636-z

246. Yanez ND, Weiss NS, Romand JA, Treggiari MM. COVID-19 
mortality risk for older men and women. BMC public health. 
2020;20(1):1742. https://doi.org/10.1186/s12889-020-09826-8

247. Schumacher AE, Kyu HH, Aali A, Abbafati C, Abbas J, 
Abbasgholizadeh R, et al. Global age-sex-speci�c mortality, life 
expectancy, and population estimates in 204 countries and 
territories and 811 subnational locations, 1950–2021, and the 
impact of the COVID-19 pandemic: a comprehensive 
demographic analysis for the Global Burden of Disease Study 
2021. �e Lancet. 2024;403(10440):1989-2056.           .         
https://doi.org/10.1016/S0140-6736(24)00476-8

248. Massoullié G, Boyer B, Sapin V, Jean F, Andronache M, Peoc’h M, 
et al. Sudden cardiac death risk in contact sports increased by 
myocarditis: a case series. Eur Heart J. 2021;5(3):ytab054. 
https://doi.org/10.1093/ehjcr/ytab054

249. Bohm P, Scharhag J, Egger F, Tischer KH, Niederseer D, Schmied C, 
et al. Sports-related sudden cardiac arrest in Germany. Can J Cardiol. 
2021;37(1):105-112. https://doi.org/10.1016/j.cjca.2020.03.021 

250. P�zer biodistribution con�dential document translated to 
English.2022. Available at                            .         
https://www.naturalnews.com/�les/P�zer-bio-distribution-con�d
ential-document-translated-to-english.pdf 

251. Kanczkowski W, Evert K, Stadtmüller M, Haberecker M, Laks L, Chen LS, et 
al. COVID-19 targets human adrenal glands. Lancet Diabetes Endocrinol. 
2022;10(1):13-16. https://doi.org/10.1016/S2213-8587(21)00291-6

252. Sheppard MN, Westaby J, Zullo E, Fernandez BV, Cox S, Cox A. 
Sudden arrhythmic death and cardiomyopathy are important 
causes of sudden cardiac death in the UK: results from a national 
coronial autopsy database. Histopathol. 2023;82(7):1056-1066. 
https://doi.org/10.1111/his.14889

253. Healy J, Youssef AM, Sawant S, Orchard JJ, Rehan R, Van Vuuren 
R, et al. Trends in sudden unexpected deaths in an Australian 
population: Impact of the COVID-19 pandemic. Heart Lung Circ. 
2024;33(12):1693-1698. https://doi.org/10.1016/j.hlc.2024.07.009

254. Smith J, Schrader S, Morgan H, Shenton P, Alafaci A, Cox N, et al. 
Clinical phenotype of COVID‐19 vaccine‐associated myocarditis 

in Victoria, 2021–22: a cross‐sectional study. Med J Aust. 
2025;222(1):23-29. https://doi.org/10.5694/mja2.52557

255. Sennfält S, Norrving B, Petersson J, Ullberg T. Long-term survival 
and function a�er stroke: a longitudinal observational study from 
the Swedish Stroke Register. Stroke. 2019;50(1):53-61. 
https://doi.org/10.1161/STROKEAHA.118.022913

256. Yazdanfard PD, Christensen AH, Tfelt-Hansen J, Bundgaard H, 
Winkel BG. Non-diagnostic autopsy �ndings in sudden 
unexplained death victims. BMC Cardiovasc Disord. 2020;20:1-7. 
https://doi.org/10.1186/s12872-020-01361-z

257. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil 
AC, et al. Remdesivir for the treatment of Covid-19—preliminary 
report. N Engl J Med. 2020;383(19):1813-1836.        .         
https://doi.org/10.1056/NEJMoa2007764

258. Nina Youngstrom. CMS Hikes Payment for COVID-19 Inpatients 
Treated With New Drugs, Links it to 20% Bonus. J.D.Supra. Health 
Care Compliance Association. 2020. Available at      .         
https://www.jdsupra.com/legalnews/cms-hikes-payment-for-covi
d-19-19452/

259. Wang Y, Zhang D, Du G, Du R, Zhao J, Jin Y, et al. Remdesivir in 
adults with severe COVID-19: a randomised, double-blind, 
placebo-controlled, multicentre trial. �e Lancet. 2020;395(10236): 
1569-1578. https://doi.org/10.1016/S0140-6736(20)31022-9

260. Kwok M, Lee C, Li HS, Deng R, Tsoi C, Ding Q, et al. Remdesivir 
induces persistent mitochondrial and structural damage in human 
induced pluripotent stem cell-derived cardiomyocytes. Cardiovasc 
Res. 2022;118(12):2652-2664. https://doi.org/10.1093/cvr/cvab311

261. Gholipour M, Samidoost P, Moayerifar M, Ghasemzadeh G. A case report 
of QTc prolongation: Drug induced or myocarditis in Severe Acute 
Respiratory Syndrome Coronavirus 2. SAGE Open Med Case Rep. 2024; 
12:2050313X241233432. https://doi.org/10.1177/2050313X241233432

262. Harbi S, AlFai� M, Al-Dorzi HM, Aljuhani O, Alenazi AA, Alalawi 
M, et al. A case report on the association between QTc prolongation 
and remdesivir therapy in a critically ill patient. IDCases. 
2022;29:e01572. https://doi.org/10.1016/j.idcr.2022.e01572

263. Nabati M, Parsaee H. Potential cardiotoxic e�ects of remdesivir on 
cardiovascular system: a literature review. Cardiovasc. Toxicol. 
2022;22(3):268-272. https://doi.org/10.1007/s12012-021-09703-9

264. Tian E, Cosme C, Bauzon J, Batra K, Azar F, Schreiber A. 
Remdesivir-associated bradycardia in COVID-19: a rapid review 
protocol. BMJ open. 2023;13(5):e068564.          .          
https://doi.org/10.1136/bmjopen-2022-068564

265. Krauson AJ, Casimero FV, Siddiquee Z, Stone JR. Duration of 
SARS-CoV-2 mRNA vaccine persistence and factors associated with 
cardiac involvement in recently vaccinated patients. NPJ Vaccines. 
2023;8(1):141. https://doi.org/10.1038/s41541-023-00742-7

266. Baumeier C, Aleshcheva G, Harms D, Gross U, Hamm C, Assmus 
B, et al. Intramyocardial in�ammation a�er COVID-19 
vaccination: an endomyocardial biopsy-proven case series. Int J 
Mol Sci. 2022;23(13):6940. https://doi.org/10.3390/ijms23136940

267. Schreckenberg R, Woitasky N, Itani N, Czech L, Ferdinandy P, 
Schulz R. Cardiac side e�ects of RNA‐based SARS‐CoV‐2 vaccines: 
hidden cardiotoxic e�ects of mRNA‐1273 and BNT162b2 on 
ventricular myocyte function and structure. Br J Pharmacol. 
2024;181(3):345-361. https://doi.org/10.1111/bph.16262

268. Vaccine side e�ects. U.S. Department of Health & Human 
Services. 2022. Retrieved on 2024. Available at          .         
https://www.hhs.gov/immunization/basics/safety/side-e�ects/index.html

269. Singer ME, Taub IB, Kaelber DC. Risk of myocarditis from COVID-19 
infection in people under age 20: a population-based analysis. 
MedRxiv. 2021:2021-07. https://doi.org/10.1101/2021.07.23.21260998

270. Funk PR, Yogurtcu ON, Forshee RA, Anderson SA, Marks PW, 
Yang H. Bene�t-risk assessment of COVID-19 vaccine, mRNA 
(Comirnaty) for age 16–29 years. Vaccine. 2022;40(19):2781-2789. 
https://doi.org/10.1016/j.vaccine.2022.03.030

271. Yogurtcu ON, Funk PR, Forshee RA, Anderson SA, Marks PW, 
Yang H. Bene�t-risk assessment of covid-19 vaccine, MRNA 

(MRNA-1273) for males age 18–64 years. Vaccine: X. 
2023;14:100325. https://doi.org/10.1016/j.jvacx.2023.100325

272. Doshi P. Revolving doors: board memberships, hedge funds, and 
the FDA chiefs responsible for regulating industry. BMJ. 
2024;385:q975. https://doi.org/10.1136/bmj.q975

273. Deyo RA. Gaps, tensions, and con�icts in the FDA approval 
process: implications for clinical practice. J Am Board Fam Pract. 
2004;17(2):142-149.  https://doi.org/10.3122/jabfm.17.2.142

274. Adams B. Moderna nabs a BARDA billion as it kick-starts 
late-stage pandemic vaccine test. 2022. Available at      .         
https://www.�ercebiotech.com/biotech/moderna-nabs-a-barda-bi
llion-as-its-kickstarts-late-stage-pandemic-vaccine-test

275. Lalani HS, Nagar S, Sarpatwari A, Barenie RE, Avorn J, Rome BN, 
et al. US public investment in development of mRNA covid-19 
vaccines: retrospective cohort study. BMJ. 2023;380.      .         
https://doi.org/10.1136/bmj-2022-073747

276. Webb NE, Osburn TS. Characteristics of hospitalized children 
positive for SARS-CoV-2: experience of a large center. Hosp Pediatr. 
2021;11(8):e133-141. https://doi.org/10.1542/hpeds.2021-005919

277. Kushner LE, Schroeder AR, Kim J, Mathew R. “For COVID” or 
“With COVID”: classi�cation of SARS-CoV-2 hospitalizations in 
children. Hosp Pediatr. 2021;11(8):e151-156.              .         
https://doi.org/10.1542/hpeds.2021-006001

278. Drouin O, Hepburn CM, Farrar DS, Baerg K, Chan K, Cyr C, et al. 
Characteristics of children admitted to hospital with acute 
SARS-CoV-2 infection in Canada in 2020. Cmaj. 
2021;193(38):E1483-1493.  https://doi.org/10.1503/cmaj.210053

279. Havers FP. Hospitalization of adolescents aged 12–17 years with 
laboratory-con�rmed COVID-19—COVID-NET, 14 states, 
March 1, 2020–April 24, 2021. MMWR Morb Mortal Wkly Rep. 
2021;70(23):851-857. https://doi.org/10.15585/mmwr.mm7023e1

280. Altarawneh H, Chemaitelly H, Tang P, Hasan MR, Qassim S, 
Ayoub HH, et al. Protection a�orded by prior infection against 
SARS-CoV-2 reinfection with the Omicron variant. MedRxiv. 
2022:2022-01. https://doi.org/10.1056/NEJMc2200133

281. Gazit S, Shlezinger R, Perez G, Lotan R, Peretz A, Ben-Tov A, et al. 
Comparing SARS-CoV-2 natural immunity to vaccine-induced 
immunity: reinfections versus breakthrough infections. MedRxiv. 2021. 
https://www.medrxiv.org/content/10.1101/2021.08.24.21262415v1

282. Coronavirus (COVID‐19) Infection Survey, characteristics of people testing 
positive for COVID‐19, UK: 17. O�ce of National Statistics. 2021. Available at 
https://www.ons.gov.uk/releases/coronaviruscovid19infectionsurvey
characteristicsofpeopletestingpositiveforcovid19uk17november2021

283. León TM. COVID-19 cases and hospitalizations by COVID-19 
vaccination status and previous COVID-19 diagnosis—California and 
New York, May–November 2021. MMWR Morb Mortal Wkly Rep. 
2022;71(4):125-131. http://dx.doi.org/10.15585/mmwr.mm7104e1

284. Pezzullo AM, Axfors C, Contopoulos-Ioannidis DG, Apostolatos 
A, Ioannidis JP. Age-strati�ed infection fatality rate of COVID-19 
in the non-elderly population. Environ Res. 2023;216:114655. 
https://doi.org/10.1016/j.envres.2022.114655

285. Baral S, Chandler R, Prieto RG, Gupta S, Mishra S, Kulldor� M. 
Leveraging epidemiological principles to evaluate Sweden’s 
COVID-19 response. Ann Epidemiol. 2020;54:21.      .         
https://doi.org/10.1016/j.annepidem.2020.11.005

286. Islam N, Shkolnikov VM, Acosta RJ, Klimkin I, Kawachi I, Irizarry 
RA, et al. Excess deaths associated with covid-19 pandemic in 
2020: age and sex disaggregated time series analysis in 29 high 
income countries. bmj. 2021;373:n1137.               .         
https://doi.org/10.1136/bmj.n1137

287. �ornley S, Morris AJ, Sundborn G, Bailey S. How fatal is 
COVID-19 compared with seasonal in�uenza? �e devil is in the 
detail. BMJ. 2020;371:m3883. 2020.

288. Turner JS, Kim W, Kalaidina E, Goss CW, Rauseo AM, Schmitz AJ, 
et al. SARS-CoV-2 infection induces long-lived bone marrow 
plasma cells in humans. Nature. 2021;595(7867):421-425. 
https://doi.org/10.1038/s41586-021-03647-4

289. Wang Z, Yang X, Zhong J, Zhou Y, Tang Z, Zhou H, et al. Exposure 
to SARS-CoV-2 generates T-cell memory in the absence of a 
detectable viral infection. Nat Commun. 2021;12(1):1724. 
https://doi.org/10.1038/s41467-021-22036-z

290. Reynolds CJ, Pade C, Gibbons JM, Otter AD, Lin KM, Muñoz 
Sandoval D, et al. Immune boosting by B. 1.1. 529 (Omicron) 
depends on previous SARS-CoV-2 exposure. Science. 
2022;377(6603) :eabq1841. https://doi.org/10.1126/science.abq1841

291. Patalon T, Saciuk Y, Perez G, Peretz A, Ben-Tov A, Gazit S. Dynamics 
of naturally acquired immunity against severe acute respiratory 
syndrome coronavirus 2 in children and adolescents. J Pediatr. 
2023;257:113371. https://doi.org/10.1016/j.jpeds.2023.02.016

292. Jeet Kaur R, Dutta S, Charan J, Bhardwaj P, Tandon A, Yadav D, et 
al. Cardiovascular adverse events reported from COVID-19 
vaccines: a study based on WHO database. Int J Gen Med. 
2021;3909-3927. https://doi.org/10.2147/IJGM.S324349

293. Oster ME, Shay DK, Su JR, Gee J, Creech CB, Broder KR, et al. 
Myocarditis cases reported a�er mRNA-based COVID-19 
vaccination in the US from December 2020 to August 2021. 
2022;327(4):331-340. https://doi.org/10.1001/jama.2021.24110

294. Shiravi AA, Ardekani A, Sheikhbahaei E, Heshmat-Ghahdarijani K. 
Cardiovascular complications of SARS-CoV-2 vaccines: an overview. 
Cardiol �er. 2022:1-9. https://doi.org/10.1007/s40119-021-00248-0

295. Bardosh K, Krug A, Jamrozik E, Lemmens T, Keshavjee S, Prasad V, et 
al. COVID-19 vaccine boosters for young adults: a risk bene�t 
assessment and ethical analysis of mandate policies at universities. J Med 
Ethics. 2024;50(2):126-138. https://doi.org/10.1136/jme-2022-108449

296. Wallace M, Rosenblum HG, Moulia DL, Broder KR, Shimabukuro 
TT, Taylor CA, et al. A summary of the Advisory Committee for 
Immunization Practices (ACIP) use of a bene�t-risk assessment 
framework during the �rst year of COVID-19 vaccine 
administration in the United States. Vaccine. 2023;41(44): 
6456-6467. https://doi.org/10.1016/j.vaccine.2023.07.037

297. Shiri T, Evans M, Talarico CA, Morgan AR, Mussad M, Buck PO, et al. �e 
population-wide risk-bene�t pro�le of extending the primary COVID-19 
vaccine course compared with an mRNA booster dose program. 
Vaccines. 2022;10(2):140. https://doi.org/10.3390/vaccines10020140

298. Block JP. Cardiac complications a�er SARS-CoV-2 infection and 
mRNA COVID-19 vaccination—PCORnet, United States, january 
2021–January 2022. MMWR Morb Mortal Wkly. 2022;71(14): 
517-523. http://dx.doi.org/10.15585/mmwr.mm7114e1

299. Wong HL, Hu M, Zhou CK, Lloyd PC, Amend KL, Beachler DC, et al. Risk 
of myocarditis and pericarditis a�er the COVID-19 mRNA vaccination in 
the USA: a cohort study in claims databases. �e Lancet. 2022; 
399(10342):2191-2199. https://doi.org/10.1016/S0140-6736(22)00791-7

300. Naveed Z, Li J, Wilton J, Spencer M, Naus M, Velásquez García 
HA, et al. Comparative risk of myocarditis/pericarditis following 
second doses of BNT162b2 and mRNA-1273 coronavirus 
vaccines. J Am Coll Cardiol. 2022;80(20):1900-1908. 
https://doi.org/10.1016/j.jacc.2022.08.799

301. Dickerman BA, Gerlovin H, Madenci AL, Kurgansky KE, Ferolito 
BR, Figueroa Muñiz MJ, et al. Comparative e�ectiveness of 
BNT162b2 and mRNA-1273 vaccines in US veterans. N Engl J Med. 
2022;386(2):105-115. https://doi.org/10.1056/NEJMoa2115463

302. Brisotto G, Montico M, Turetta M, Zanussi S, Cozzi MR, Vettori R, 
et al. Integration of Cellular and Humoral Immune Responses as 
an Immunomonitoring Tool for SARS-CoV-2 Vaccination in 
Healthy and Fragile Subjects. Viruses. 2023;15(6):1276. 
https://doi.org/10.3390/v15061276 

303. Debes AK, Xiao S, Colantuoni E, Egbert ER, Caturegli P, Gadala A, 
et al. Association of vaccine type and prior SARS-CoV-2 infection 
with symptoms and antibody measurements following vaccination 
among health care workers. JAMA Intern Med. 2021;181(12): 
1660-1662. https://doi.org/10.1001/jamainternmed.2021.4580

304. Kobashi Y, Shimazu Y, Kawamura T, Nishikawa Y, Omata F, Kaneko 
Y, et al. Factors associated with anti-severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) spike protein antibody 

correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

† Patone et al., o�er the following conclusion: “[T]he risk of hospitalization or death from myocarditis a�er SARS-CoV-2 infection is substantially higher than the risk associated with a �rst dose of 
ChAdOx1, and a �rst, second, or booster dose of BNT162b2 mRNA vaccine.” One would assume that this sweeping claim applies to adolescents 13 through 17 years of age in their study. However, 
on the last page of their Circulation paper, the authors inform readers that their “clinical perspective” does not apply to children ages 13-17.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

Table 4. Clinical features of hospitalized individuals for myocarditis: data from entire eligible population in England (excerpted 
from Table 1 of Stowe et al.) [71].

*Eleven SUS cases had an o�cial diagnosis of both myocarditis and pericarditis (myopericarditis). 
Abbreviations: SUS, Secondary Uses Service; ECDS, Emergency Care Data Set.

Note: �ese data are excerpted from Table E (S2 Appendix) of Stowe et al. �e authors’ description: “Table E. Adjusted (for time period (4 weekly 
period)) relative risk (aRR) of attendances with myocarditis or pericarditis in SUS using a cohort analysis a�er a COVID-19 vaccine by postvaccina-
tion risk interval. Adjusted for time period, age group, gender, region, ethnic group, CEV, and other clinical risk group.” Adjusted case rates were not 
provided by Stowe et al., but can be calculated by multiplying the aRR by the baseline rate.

Table 5. Myopericarditis incidence rates, days 0-6 post exposure, from Stowe et al.’s self-controlled case-series analysis in England 
(2023).

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Vaccination 
Status

Person-
Years

SUS Myocarditis 
Case Count = 2284

SUS Myocarditis Risk 
per 100,000

ECDS Myocarditis Case 
Count = 1472 total

ECDS Myocarditis 
Risk per 100,000

Unvaccinated 16751085 340 2.03 225 1.34
BNT162b2 15459412 972 6.29 728 4.71

mRNA1273 793417 112 14.12 79 9.96

Vaccination status 
(ages 16-39 years)

Case 
count

Person years 
(pyrs)

SUS case rate myocarditis or 
pericarditis (unadjusted), 

per 100,000 pyrs

SUS case rate myocarditis or 
pericarditis (adjusted), per 

100,000 pyrs

Adjusted relative risk 
(aRR) w/ 95% CI

Unvaccinated 580 9667615 6 baseline
P�zer, BNT126b2
BNT126b2, dose 1 27 186142 14.51 14.64 2.44 (1.65,3.62)

BNT126b2, dose 2 45 182573 24.65 23.4 3.9 (2.86,5.32)

BNT126b2, booster 14 73115 19.15 16.62 2.77 (1.6,4.79)

mRNA-1273, booster 8 27433 29.16 27.36 4.56 (2.22,9.35)
Moderna, mRNA-1273
mRNA-1273, dose 1 9 19635 45.84 44.76 7.46 (3.84,14.51)
mRNA-1273, dose 2 41 16897 242.65 212.16 35.36 (25.39,49.23

BNT126b2, booster n<2 5132 --- --- ---
mRNA-1273, booster n<2 4088 --- --- ---
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.

Disclosure statement 
�e authors declare that they have no competing interests.

References
1. Perkins D, Wilkins R, Kerr R, Greiner B, Hartwell M. Public interest 

in myocarditis during the sars-CoV-2 pandemic. Disaster Med Public 
Health Prep. 2023;17:e349. https://doi.org/10.1017/dmp.2022.307

2. Sularz AK, Hua A, Ismail T. SARS-CoV-2 vaccines and myocarditis. Clin 
Med. 2023;23(5):495-502. https://doi.org/10.7861/clinmed.2023-0049 

3. Liao YF, Tseng WC, Wang JK, Chen YS, Chen CA, Lin MT, et al. 
Management of cardiovascular symptoms a�er P�zer-BioNTech 
COVID-19 vaccine in teenagers in the emergency department. J 
Formos Med Assoc. 2023;122(8):699-706.              .               
.https://doi.org/10.1016/j.jfma.2022.12.004 

4. Rosner CM, Genovese L, Tehrani BN, Atkins M, Bakhshi H, 
Chaudhri S, et al. Myocarditis temporally associated with 
COVID-19 vaccination. Circulation. 2021;144(6):502-505.      .         
https://doi.org/10.1161/CIRCULATIONAHA.121.055891 

5. Caforio AL, Pankuweit S, Arbustini E, Basso C, Gimeno-Blanes J, 
Felix SB, et al. Current state of knowledge on aetiology, diagnosis, 
management, and therapy of myocarditis: a position statement of 
the European Society of Cardiology Working Group on 
Myocardial and Pericardial Diseases. Eur Heart J. 2013;34(33): 
2636-2648. https://doi.org/10.1093/eurheartj/eht210 

6. Berg J, Kottwitz J, Baltensperger N, Kissel CK, Lovrinovic M, 
Mehra T, et al. Cardiac magnetic resonance imaging in 
myocarditis reveals persistent disease activity despite 
normalization of cardiac enzymes and in�ammatory parameters 
at 3-month follow-up. Circ Heart Fail. 2017;10(11):e004262. 
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004262 

7. Lurz P, Eitel I, Klieme B, Luecke C, De Waha S, Desch S, et al. �e 
potential additional diagnostic value of assessing for pericardial 
e�usion on cardiac magnetic resonance imaging in patients with 
suspected myocarditis. Eur Heart J Cardiovasc Imaging. 2014;15 
(6):643-650. https://doi.org/10.1093/ehjci/jet267 

8. Spotts PH, Zhou F. Myocarditis and Pericarditis. Prim Care. 
2023;51(1):111-124. https://doi.org/10.1016/j.pop.2023.07.006 

9. Sagar S, Liu PP, Cooper LT. Myocarditis. Lancet. 2012;379(9817): 
738-747. https://doi.org/10.1016/S0140-6736(11)60648-X 

10. Su JR, McNeil MM, Welsh KJ, Marquez PL, Ng C, Yan M, et al. 
Myopericarditis a�er vaccination, vaccine adverse event reporting 
system (VAERS), 1990–2018. Vaccine. 2021;39(5):839-845. 
https://doi.org/10.1016/j.vaccine.2020.12.046

11. Cosentino M, Marino F. Understanding the pharmacology of 
COVID-19 mRNA vaccines: playing dice with the spike? Int J Mol 
Sci. 2022;23(18):10881. https://doi.org/10.3390/ijms231810881 

12. Fazlollahi A, Zahmatyar M, Noori M, Nejadghaderi SA, Sullman 
MJ, Shekarriz‐Foumani R, et al. Cardiac complications following 
mRNA COVID‐19 vaccines: A systematic review of case reports 
and case series. Rev Med Virol. 2022;32(4):e2318.      .         
https://doi.org/10.1002/rmv.2318 

13. Li YE, Wang S, Reiter RJ, Ren J. Clinical cardiovascular 
emergencies and the cellular basis of COVID-19 vaccination: from 
dream to reality?. Int J Infect Dis. 2022;124:1-10.      .         
https://doi.org/10.1016/j.ijid.2022.08.026 

14. Karlstad Ø, Hovi P, Husby A, Härkänen T, Selmer RM, Pihlström 
N, et al. SARS-CoV-2 vaccination and myocarditis in a Nordic 
cohort study of 23 million residents. JAMA Cardiol.  2022;7(6): 
600-612. https://doi.org/10.1001/jamacardio.2022.0583

15. Gao J, Feng L, Li Y, Lowe S, Guo Z, Bentley R, et al. A systematic 
review and meta-analysis of the association between SARS-CoV-2 
vaccination and myocarditis or pericarditis. Am J Prev Med. 
2023;64(2):275-284. https://doi.org/10.1016/j.amepre.2022.09.002

16. Yasmin F, Najeeb H, Naeem U, Moeed A, Atif AR, Asghar MS, et 
al. Adverse events following COVID‐19 mRNA vaccines: A 
systematic review of cardiovascular complication, thrombosis, and 
thrombocytopenia. Immun In�amm Dis. 2023;11(3):e807. 
https://doi.org/10.1002/iid3.807 

17. Ilonze OJ, Guglin ME. Myocarditis following COVID-19 
vaccination in adolescents and adults: a cumulative experience of 
2021. Heart Fail Rev. 2022;27(6):2033-2043.                 .         
https://doi.org/10.1007/s10741-022-10243-9

18. Costa C, Moniati F. �e Epidemiology of COVID‐19 
Vaccine‐Induced Myocarditis. Adv Med. 2024;2024(1):4470326. 
https://doi.org/10.1155/2024/4470326 

19. Jung SW, Jeon JJ, Kim YH, Choe SJ, Lee S. Long-term risk of 
autoimmune diseases a�er mRNA-based SARS-CoV2 vaccination in 
a Korean, nationwide, population-based cohort study. Nat Commun. 
2024;15(1):6181. https://doi.org/10.1038/s41467-024-50656-8 

20. Yun C, Lee Y, Heo SJ, Kim N, Jung I. �e impact of COVID-19 status 
and vaccine type following the �rst dose on acute heart disease: A 

nationwide retrospective cohort study in South Korea. Epidemiol 
Infect. 2024;152:e134. https://doi.org/10.1017/S0950268824001213

21. Montgomery J, Ryan M, Engler R, Ho�man D, McClenathan B, 
Collins L, et al. Myocarditis Following Immunization With mRNA 
COVID-19 Vaccines in Members of the US Military. JAMA Cardiol. 
2021;6(10):1202-1206. http://doi.org/10.1001/jamacardio.2021.2833 

22. Puntmann VO, Carerj ML, Wieters I, Fahim M, Arendt C, 
Ho�mann J, et al. Outcomes of Cardiovascular Magnetic Resonance 
Imaging in Patients Recently Recovered From Coronavirus Disease 
2019 (COVID-19). JAMA Cardiol. 2020;5(11):1265-1273. 
http://doi.org/10.1001/jamacardio.2020.3557 

23. Tersalvi G, Vicenzi M, Calabretta D, Biasco L, Pedrazzini G, 
Winterton D. Elevated Troponin in Patients With Coronavirus 
Disease 2019: Possible Mechanisms. J Card Fail. 2020;26(6): 
470-475. https://doi.org/10.1016/j.cardfail.2020.04.009 

24. Nascimento JH, Gomes BF, Oliveira GM. Cardiac troponin as a 
predictor of myocardial injury and mortality from COVID-19. Arq 
Bras Cardiol. 2020;115:667-668. https://doi.org/10.36660/abc.20200862 

25. Ucar FM, Ozturk C, Yılmaztepe MA. Evaluation of Tp-e interval, 
Tp-e/QT ratio and Tp-e/QTc ratio in patients with acute 
myocarditis. BMC Cardiovasc Disord. 2019;19(1):232.      .         
https://doi.org/10.1186/s12872-019-1207-z 

26. Pillay J, Gaudet L, Wingert A, Bialy L, Mackie AS, Paterson DI, et 
al. Incidence, risk factors, natural history, and hypothesised 
mechanisms of myocarditis and pericarditis following covid-19 
vaccination: living evidence syntheses and review. BMJ. 
2022;378:e069445. https://doi.org/10.1136/bmj-2021-069445 

27. Chapin-Bardales J, Myers T, Gee J, Shay DK, Marquez P, Baggs J, et al. 
Reactogenicity within 2 weeks a�er mRNA COVID-19 vaccines: 
Findings from the CDC v-safe surveillance system. Vaccine. 
2021;39(48):7066-7073. https://doi.org/10.1016/j.vaccine.2021.10.019 

28. Cumulative and Interval Summary Tabulation of Serious and Non-Serious 
Adverse Reactions from Post-Marketing Data Sources. P�zer. 2022:1-393. 
https://www.globalresearch.ca/wp-content/uploads/2023/05/p�zer-report.pdf 

29. Comirnaty. European Medicines Agency . Amsterdam, �e 
Netherlands. 2023. Available on:                     .         
https://www.ema.europa.eu/en/medicines/human/EPAR/comirnaty 

30. Making medicines and medical devices safer. Yellow Card. 2024. 
Available on: https://yellowcard.mhra.gov.uk/information 

31. Yan MM, Zhao H, Li ZR, Chow JW, Zhang Q, Qi YP, et al. Serious 
adverse reaction associated with the COVID-19 vaccines of 
BNT162b2, Ad26. COV2. S, and mRNA-1273: gaining insight 
through the VAERS. Front Pharmacol. 2022;13:921760. 
https://doi.org/10.3389/fphar.2022.921760 

32. Shabu A, Nishtala PS. Analysis of the adverse events following the 
mRNA-1273 COVID-19 vaccine. Expert Rev Vaccines. 2023; 
22(1):801-812. https://doi.org/10.1080/14760584.2023.2260477 

33. Glover C, Deng L, Larter C, Brogan C, Richardson O, Huang YA, 
et al. Surveillance of adverse events following immunisation in 
Australia, COVID-19 vaccines, 2021. Commun Dis Intell. 
2024;48:38926650. https://doi.org/10.33321/cdi.2024.48.2 

34. Kim DH, Kim JH, Oh IS, Choe YJ, Choe SA, Shin JY. Adverse 
Events Following COVID-19 Vaccination in Adolescents: Insights 
from Pharmacovigilance Study of VigiBase. J Korean Med Sci. 
2024;39(8):e76. https://doi.org/10.3346/jkms.2024.39.e76 

35. Montano D. Frequency and Associations of Adverse Reactions of 
COVID-19 Vaccines Reported to Pharmacovigilance Systems in 
the European Union and the United States. Front Public Health. 
2022;9:756633. https://doi.org/10.3389/fpubh.2021.756633

36. Vidal-Perez R, Brandão M, Pazdernik M, Kresoja KP, Carpenito 
M, Maeda S, et al. Cardiovascular disease and COVID-19, a deadly 
combination: A review about direct and indirect impact of a 
pandemic. World J Clin Cases. 2022;10(27):9556-9572.       .        
https://doi.org/10.12998/wjcc.v10.i27.9556 

37. Faksova K, Walsh D, Jiang Y, Gri�n J, Phillips A, Gentile A, et al. 
COVID-19 vaccines and adverse events of special interest: A 
multinational Global Vaccine Data Network (GVDN) cohort 

study of 99 million vaccinated individuals. Vaccine. 2024;42(9): 
2200-2211. https://doi.org/10.1016/j.vaccine.2024.01.100

38. COVID-19 VaST Work Group Report – May 17, 2021. National Center for 
Immunization and Respiratory Diseases. 2021. Available on: 
https://archive.cdc.gov/www_cdc_gov/vaccines/acip/work-groups-vast/r
eport-2021-05-17.html

39. Gargano JW, Wallace M, Hadler SC, Langley G, Su JR, Oster ME, 
et al. Use of mRNA COVID-19 Vaccine A�er Reports of 
Myocarditis Among Vaccine Recipients: Update from the 
Advisory Committee on Immunization Practices - United States, 
June 2021. MMWR Morb Mortal Wkly Rep. 2021;70(27):977-982. 
http://dx.doi.org/10.15585/mmwr.mm7027e2

40. Sun CLF, Ja�e E, Levi R. Increased emergency cardiovascular 
events among under-40 population in Israel during vaccine rollout 
and third COVID-19 wave. Sci Rep. 2022;12(1):6978. 
https://doi.org/10.1038/s41598-022-10928-z

41. Klein NP, Lewis N, Goddard K, Fireman B, Zerbo O, Hanson KE, et al. 
Surveillance for adverse events a�er COVID-19 mRNA vaccination. Jama. 
2021;326(14):1390-1399. http://dx.doi.org/10.1001/jama.2021.15072 

42. Hu M, Wong HL, Feng Y, Lloyd PC, Smith ER, Amend KL, et al. 
Safety of the BNT162b2 COVID-19 Vaccine in Children Aged 5 to 
17 Years. JAMA Pediatr. 2023;177(7):710-717.                  .         
http://dx.doi.org/10.1001/jamapediatrics.2023.1440 

43. Weiss SR. Myocarditis Cases A�er mRNA-Based COVID-19 
Vaccination in the US. JAMA. 2022;327(20):2019-2020.      .         
http://dx.doi.org/10.1001/jama.2022.5131

44. Old�eld PR, Gutschi M, McCullough PA, Speicher DJ. BioNTech’s 
COVID-19 modRNA Vaccines: Dangerous genetic mechanism of 
action released before su�cient preclinical testing. Journal of 
American Physicians and Surgeons. 2024;29(4):118-126.

45. Wiseman D, Guetzkow J, Seligmann H, Franzcog F. Booster Doses 
for P�zer-BioNtech Vaccine. Vaccines and Related Biological 
Products Advisory Committee. 2021. Available on: 
�le:///C:/Users/ADMIN/Downloads/FDA-2021-N-0965-0016_att
achment_1%20(1).pdf 

46. Hromić-Jahjefendić A, Sezer A, Aljabali AAA, Serrano-Aroca Á, 
Tambuwala MM, Uversky VN, et al. COVID-19 Vaccines and 
Myocarditis: An Overview of Current Evidence. Biomedicines. 
2023;11(5):1469. https://doi.org/10.3390/biomedicines11051469 

47. Rose J, Hulscher N, McCullough PA. Determinants of COVID-19 
vaccine-induced myocarditis. �er Adv Drug Saf. 2024;15: 
20420986241226566. https://doi.org/10.1177/20420986241226566 

48. Lee CW, Sa S, Hong M, Kim J, Shim SR, Han HW. Adverse Events 
and Safety Pro�le of the COVID-19 Vaccines in Adolescents: Safety 
Monitoring for Adverse Events Using Real-World Data. Vaccines. 
2022;10(5):744. https://doi.org/10.3390/vaccines10050744 

49. Jeon H-E, Lee S, Lee J, Roh G, Park H-J, Lee Y-S, et al. SARS-CoV2 
mRNA vaccine intravenous administration induces myocarditis in 
chronic in�ammation. PLoS ONE. 2024; 19(10): e0311726. 
https://doi.org/10.1371/journal.pone.0311726 

50. Awaya T, Hara H, Moroi M. Cytokine Storms and Anaphylaxis 
Following COVID-19 mRNA-LNP Vaccination: Mechanisms and 
�erapeutic Approaches. Diseases. 2024;12(10):231.      .         
https://doi.org/10.3390/diseases12100231 

51. Kosto� RN, Kanduc D, Porter AL, Shoenfeld Y, Calina D, Briggs 
MB, et al. Vaccine- and natural infection-induced mechanisms 
that could modulate vaccine safety. Toxicol Rep. 2020;7: 
1448-1458. https://doi.org/10.1016/j.toxrep.2020.10.016 

52. Diaconu R, Mirea O, Bălşeanu TA. Testosterone, cardiomyopathies, 
and heart failure: a narrative review. Asian J Androl. 
2021;23(4):348-356. https://doi.org/10.4103/aja.aja_80_20 

53. Miličić Stanić B, Maddox S, de Souza AMA, Wu X, Mehranfard D, 
Ji H, et al. Male bias in ACE2 basic science research: missed 
opportunity for discovery in the time of COVID-19. Am J Physiol 
Regul Integr Comp Physiol. 2021;320(6):R925-R937.      .         
https://doi.org/10.1152/ajpregu.00356.2020 

54. Fairweather D, Beetler DJ, Musigk N, Heidecker B, Lyle MA, 

Cooper LT Jr, et al. Sex and gender di�erences in myocarditis and 
dilated cardiomyopathy: An update. Front Cardiovasc Med. 
2023;10:1129348. https://doi.org/10.3389/fcvm.2023.1129348

55. Waqar A, Jain A, Joseph C, Srivastava K, Ochuba O, Alkayyali T, et 
al. Cardioprotective Role of Estrogen in Takotsubo Cardiomyopathy. 
Cureus. 2022;14(3):e22845. https://doi.org/10.7759/cureus.22845 

56. Akhtar SM, Gazzaz ZJ, Baig M, Majeed R, Hashmi AA. 
Association Between P�zer COVID-19 Vaccine Adverse E�ects 
and Diabetes Mellitus: A Prospective Multicenter Study. Cureus. 
2023;15(11):e48263. https://doi.org/10.7759/cureus.48263

57. Sutardi AQI, Ramatillah DL. Evaluation comparison between 
Sinovac and P�zer vaccine among indonesian children and 
teenagers under 18 years old. Int J Appl Pharm. 2022;14(2):22–30. 
https://dx.doi.org/10.22159/ijap.2022.v14s2.44745 

58. Piernas C, Patone M, Astbury NM, Gao M, Sheikh A, Khunti K, et al. 
Associations of BMI with COVID-19 vaccine uptake, vaccine 
e�ectiveness, and risk of severe COVID-19 outcomes a�er vaccination in 
England: a population-based cohort study. Lancet Diabetes Endocrinol. 
2022;10(8):571-580. https://doi.org/10.1016/S2213-8587(22)00158-9 

59. Ouaddouh C, Duijster JW, Lieber T, van Hunsel FP. �e role of 
co-morbidities in the development of an AEFI a�er COVID-19 
vaccination in a large prospective cohort with patient-reported 
outcomes in the Netherlands. Expert Opin Drug Saf. 2024;23 
(3):323-331. https://doi.org/10.1080/14740338.2023.2267971 

60. Bianchi FP, Rizzi D, Daleno A, Stefanizzi P, Migliore G, Tafuri S. 
Assessing the temporal and cause-e�ect relationship between 
myocarditis and mRNA COVID-19 vaccines. A retrospective 
observational study. Int J Infect Dis. 2024;141:106960.       .        
https://doi.org/10.1016/j.ijid.2024.02.003 

61. John NA, John J, Kamble P, Singhal A, Daulatabad V, Vamshidhar 
IS. COVID 19 vaccine in patients of hypercoagulable disorders: a 
clinical perspective. Horm Mol Biol Clin Investig. 
2021;43(1):89-96. https://doi.org/10.1515/hmbci-2021-0037 

62. Heil M. Self-DNA driven in�ammation in COVID-19 and a�er 
mRNA-based vaccination: lessons for non- COVID-19 
pathologies. Front Immunol. 2024;14:1259879.      .         
https://doi.org/10.3389/�mmu.2023.1259879 

63. Wu B, Ni H, Li J, Zhuang X, Zhang J, Qi Z, et al. �e Impact of 
Circulating Mitochondrial DNA on Cardiomyocyte Apoptosis and 
Myocardial Injury A�er TLR4 Activation in Experimental 
Autoimmune Myocarditis. Cell Physiol Biochem. 2017;42(2): 
713-728. https://doi.org/10.1159/000477889

64. Ittiwut C, Mahasirimongkol S, Srisont S, Ittiwut R, Chockjamsai 
M, Durongkadech P, et al. Genetic basis of sudden death a�er 
COVID-19 vaccination in �ailand. Heart Rhythm. 2022; 19: 
1874-1879. https://doi.org/10.1016/j.hrthm.2022.07.019 

65. She CH, Tsang HW, Yang X, Tsao SS, Tang CS, Chan SH, et al. 
Genome- wide association study of BNT162b2 vaccine-related 
myocarditis identi�es potential predisposing functional areas in 
Hong Kong adolescents. BMC Genom Data. 2024;25(1):51. 
https://doi.org/10.1186/s12863-024-01238-6 

66. Chen DP, Wen YH, Lin WT, Hsu FP. Association between the side 
e�ect induced by COVID-19 vaccines and the immune regulatory 
gene polymorphism. Front Immunol. 2022;13:941497. 
https://doi.org/10.3389/�mmu.2022.941497 

67. Bolze A, Mogensen TH, Zhang SY, Abel L, Andreakos E, Arkin LM, 
et al. Decoding the Human Genetic and Immunological Basis of 
COVID-19 mRNA Vaccine-Induced Myocarditis. J Clin Immunol. 
2022;42(7):1354-1359. https://doi.org/10.1007/s10875-022-01372-9

68. Patone M, Mei XW, Handunnetthi L, Dixon S, Zaccardi F, Shankar-Hari M, 
et al. Risk of myocarditis a�er sequential doses of COVID-19 vaccine and 
SARS-CoV-2 infection by age and sex. Circulation. 2022;146(10):743-754. 
https://doi.org/10.1161/CIRCULATIONAHA.122.059970

69. Buchan SA, Seo CY, Johnson C, Alley S, Kwong JC, Nasreen S, et al. 
Epidemiology of myocarditis and pericarditis following mRNA 
vaccination by vaccine product, schedule, and interdose interval among 
adolescents and adults in Ontario, Canada. JAMA Netw Open. 2022; 

5(6):e2218505. https://doi.org/10.1001/jamanetworkopen.2022.18505
70. Shar� KA, Dancoes DM, Longueil JL, Johnson ES, Lewis PF. Risk 

of myopericarditis following COVID‐19 mRNA vaccination in a 
large integrated health system: a comparison of completeness and 
timeliness of two methods. Pharmacoepidemiol Drug Saf. 
2022;31(8):921-925. https://doi.org/10.1002/pds.5439 

71. Stowe J, Miller E, Andrews N, Whitaker HJ. Risk of myocarditis and 
pericarditis a�er a COVID-19 mRNA vaccine booster and a�er 
COVID-19 in those with and without prior SARS-CoV-2 infection: 
A self-controlled case series analysis in England. PLoS Med. 2023; 
20(6):e1004245. https://doi.org/10.1371/journal.pmed.1004245

72. Li X, Lai FT, Chua GT, Kwan MY, Lau YL, Ip P, et al. Myocarditis 
following COVID-19 BNT162b2 vaccination among adolescents 
in Hong Kong. JAMA Pediatr. 2022;176(6):612-614. 
https://doi.org/10.1001/jamapediatrics.2022.0101

73. Chua GT, Kwan MYW, Chui CSL, Smith RD, Cheung ECL, Ma T, 
et al. Epidemiology of Acute Myocarditis/Pericarditis in Hong 
Kong Adolescents Following Comirnaty Vaccination. Clin Infect 
Dis. 2022;75(4):673-681. https://doi.org/10.1093/cid/ciab989 

74. Krug A, Stevenson J, Høeg TB. BNT162b2 Vaccine-Associated 
Myo/Pericarditis in Adolescents: A Strati�ed Risk-Bene�t Analysis. Eur 
J Clin Invest. 2022;52(5):e13759.    https://doi.org/10.1111/eci.13759 

75. Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, et al. 
Myocarditis a�er Covid-19 Vaccination in a Large Health Care 
Organization. N Engl J Med. 2021;385(23):2132-2139.       .  
https://doi.org/10.1056/NEJMoa2110737

76. Nygaard U, Holm M, Bohnstedt C, Chai Q, Schmidt LS, Hartling UB, 
et al. Population- based Incidence of Myopericarditis A�er COVID-19 
Vaccination in Danish Adolescents. Pediatr Infect Dis J. 
2022;41(1):e25-e28. https://doi.org/10.1097/INF.0000000000003389 

77. Mevorach D, Anis E, Cedar N, Bromberg M, Haas EJ, Nadir E, et 
al. Myocarditis a�er BNT162b2 mRNA vaccine against Covid-19 
in Israel. N Engl J Med. 2021;385(23):2140-2149.      .         
https://doi.org/10.1056/NEJMoa2109730

78. Foltran D, Delmas C, Flumian C, De Paoli P, Salvo F, Gautier S, et al. 
Myocarditis and pericarditis in adolescents a�er �rst and second doses 
of mRNA COVID-19 vaccines. Eur Heart J Qual Care Clin Outcomes. 
2022;8(2):99-103. https://doi.org/10.1093/ehjqcco/qcab090

79. Munro APS, Feng S, Janani L, Cornelius V, Aley PK, Babbage G, et al.; 
COV-BOOST study group. Safety, immunogenicity, and reactogenicity of 
BNT162b2 and mRNA-1273 COVID-19 vaccines given as fourth-dose 
boosters following two doses of ChAdOx1 nCoV-19 or BNT162b2 and a 
third dose of BNT162b2 (COV-BOOST): a multicentre, blinded, phase 2, 
randomised trial. Lancet Infect Dis. 2022;22(8):1131-1141. 
https://doi.org/10.1016/S1473-3099(22)00271-7

80. Uversky VN, Redwan EM, Makis W, Rubio-Casillas A. IgG4 
Antibodies Induced by Repeated Vaccination May Generate 
Immune Tolerance to the SARS-CoV-2 Spike Protein. Vaccines. 
2023;11(5):991. https://doi.org/10.3390/vaccines11050991 

81. Irrgang P, Gerling J, Kocher K, Lapuente D, Steininger P, Habenicht K, et 
al. Class switch toward nonin�ammatory, spike- speci�c IgG4 antibodies 
a�er repeated SARS-CoV-2 mRNA vaccination. Sci Immunol. 
2023;8(79):eade2798. https://doi.org/10.1126/sciimmunol.ade2798

82. Collier JL, Weiss SA, Pauken KE, Sen DR, Sharpe AH. 
Not-so-opposite ends of the spectrum: CD8+ T cell dysfunction 
across chronic infection, cancer and autoimmunity. Nat Immunol. 
2021;22(7):809-819. https://doi.org/10.1038/s41590-021-00949-7 

83. Liu J, Wang J, Xu J, Xia H, Wang Y, Zhang C, et al. Comprehensive 
investigations revealed consistent pathophysiological alterations 
a�er vaccination with COVID-19 vaccines. Cell Discov. 
2021;7(1):99. https://doi.org/10.1038/s41421-021-00329-3 

84. Ouranidis A, Vavilis T, Mandala E, Davidopoulou C, Stamoula E, 
Markopoulou CK, et al. mRNA �erapeutic Modalities Design, 
Formulation and Manufacturing under Pharma 4.0 Principles. Biomed. 
2021;10(1):50. https://doi.org/10.3390/biomedicines10010050 

85. Milano G, Gal J, Creisson A, Chamorey E. Myocarditis and COVID-19 
mRNA vaccines: a mechanistic hypothesis involving dsRNA. Future 

Virol. 2022;17(3):191-196. https://doi.org/10.2217/fvl-2021-0280 
86. Bourdon PS, Duriseti R, Gromoll HC, Dalton DK, Bardosh K, Krug 

AE. A Reanalysis of the FDA's Bene�t-Risk Assessment of Moderna's 
mRNA-1273 COVID Vaccine: For 18-25-Year-Old Males, Risks 
Exceeded Bene�ts Relative to Hospitalizations. arXiv preprint 
arXiv:2410.11811. 2024. https://doi.org/10.48550/arXiv.2410.11811 

87. Tan LJ, Koh CP, Lai SK, Poh WC, Othman MS, Hussin H. A 
systemic review and recommendation for an autopsy approach to 
death followed the COVID 19 vaccination. Forensic Sci Int. 
2022;340:111469. https://doi.org/10.1016/j.forsciint.2022.111469  

88. Foltran D, Sokolski M. Myocarditis Associated with COVID-19 Vaccination. 
Vaccines. 2024;12(10):1193. https://doi.org/10.3390/vaccines12101193 

89. Tinari S. �e EMA COVID-19 data leak, and what it tells us about mRNA 
instability. BMJ. 2021;372:n627. https://doi.org/10.1136/bmj.n627 

90. COVID-19 Vaccine Moderna. Committee for Medicinal Products 
for Human Use. European Medicines Agency. 2021. 
https://www.ema.europa.eu/en/documents/assessment-report/spi
kevax-previously-covid-19-vaccine-moderna-epar-public-assess
ment-report_en.pdf 

91. Comirnaty (COVID-19 mRNA Vaccine). European Medicines Agency. 2024:1-5. 
https://www.ema.europa.eu/en/documents/overview/comirnaty-epar-medicine-ov
erview_en.pdf 

92. Rosa SS, Prazeres DM, Azevedo AM, Marques MP. mRNA vaccines 
manufacturing: Challenges and bottlenecks. Vaccine. 2021;39 
(16):2190-2200. https://doi.org/10.1016/j.vaccine.2021.03.038 

93. Luo D, Wu Z, Wang D, Zhang J, Shao F, Wang S, et al. Lateral �ow 
immunoassay for rapid and sensitive detection of dsRNA contaminants 
in in vitro-transcribed mRNA products. Mol �er Nucleic Acids. 
2023;32:445-453. https://doi.org/10.1016/j.omtn.2023.04.005

94. Sene� S, Nigh G, Kyriakopoulos AM, McCullough PA. Innate 
immune suppression by SARS-CoV-2 mRNA vaccinations: �e role 
of G-quadruplexes, exosomes, and MicroRNAs. Food Chem 
Toxicol. 2022 ;164:113008. https://doi.org/10.1016/j.fct.2022.113008 

95. Li C, Lee A, Grigoryan L, Arunachalam PS, Scott MK, Trisal M, et 
al. Mechanisms of innate and adaptive immunity to the 
P�zer-BioNTech BNT162b2 vaccine. Nat Immunol. 
2022;23(4):543-555. https://doi.org/10.1038/s41590-022-01163-9  

96. Yu YB, Taraban MB, Briggs KT. All vials are not the same: potential 
role of vaccine quality in vaccine adverse reactions. Vaccine. 
2021;39(45):6565-6569. https://doi.org/10.1016/j.vaccine.2021.09.065 

97. Schmeling M, Manniche V, Hansen PR. Batch-dependent safety of 
the BNT162b2 mRNA COVID-19 vaccine. Eur J Clin Invest. 
2023;53(8):e13998. https://doi.org/10.1111/eci.13998 

98. Speicher DJ, Rose J, Gutschi LM, McKernan K. DNA fragments 
detected in monovalent and bivalent P�zer/BioNTech and 
Moderna modRNA COVID-19 vaccines from Ontario, Canada: 
Exploratory dose response relationship with serious adverse 
events. 2023. https://doi.org/10.31219/osf.io/mjc97

99. McKernan K, Helbert Y, Kane LT, McLaughlin S. Sequencing of 
bivalent Moderna and P�zer mRNA vaccines reveals nanogram to 
microgram quantities of expression vector dsDNA per dose. 2023. 
https://doi.org/10.31219/osf.io/b9t7 

100. Classen B. US COVID-19 vaccines proven to cause more harm 
than good based on pivotal clinical trial data analyzed using the 
proper scienti�c endpoint,“all cause severe morbidity”. Trends Int 
Med. 2021; 1 (1): 1-6. Available at:                        .         
https://healthyandfree.us/wp-content/uploads/2022/01/U.S.-Covi
d-19-Jabs-Proven-to-Cause-More-Harm-than-Good.pdf

101. Mead MN, Sene� S, Wol�nger R, Rose J, Denhaerynck K, Kirsch S, 
et al. COVID-19 modi�ed mRNA “vaccines”: Lessons learned 
from clinical trials, mass vaccination, and the bio-pharmaceutical 
complex, Part 1.  Int. J. Vaccine �eory Pract. Res. 2024;3(2):1112- 
1178. https://doi.org/10.56098/fdrasy50 

102. Benn CS, Schaltz-Buchholzer F, Nielsen S, Netea MG, Aaby P. 
Randomized clinical trials of COVID-19 vaccines: Do 
adenovirus-vector vaccines have bene�cial non-speci�c e�ects? 
Iscience. 2023;26(5):106733. https://doi.org/10.1016/j.isci.2023.106733 

103. Fraiman J, Erviti J, Jones M, Greenland S, Whelan P, Kaplan RM, et al. 
Serious adverse events of special interest following mRNA COVID-19 
vaccination in randomized trials in adults. Vaccine. 2022; 
40(40):5798-5805. https://doi.org/10.1016/j.vaccine.2022.08.036

104. Michels C, Perrier D, Kunadhasan J, Clark E, Gehrett J, Gehrett B, et 
al. Forensic analysis of the 38 subject deaths in the 6-month interim 
report of the P�zer/BioNTech BNT162b2 mRNA vaccine clinical 
trial. 2023:1-20. https://doi.org/10.20944/preprints202309.0131.v1 

105. Bergman F. P�zer caught hiding sudden deaths during Covid 
‘Vaccine’ trials. Substack. Dr. William Makis. 2024. Available at: 
https://substack.com/home/post/p-153921294

106. �omas SJ, Moreira Jr ED, Kitchin N, Absalon J, Gurtman A, 
Lockhart S, et al. Safety and e�cacy of the BNT162b2 mRNA 
Covid-19 vaccine through 6 months. N Engl J Med. 2021;385(19): 
1761-1773. https://doi.org/10.1056/NEJMoa2110345 

107. P�zer. Summary of clinical safety. New York, NY. 2021.Available at: 
https://phmpt.org/wp-content/uploads/2021/12/STN-125742_0_0
-Section-2.7.4-summary-clin-safety.pdf

108. P�zer. Periodic safety update report #3 for active substance: 
COVID-19 modmRNA vaccine, BNT162b2. BioNTech 
Manufacturing GmbH, Mainz, Germany. 2022. Available at: 
https://tkp.at/wp-content/uploads/2023/03/3.PSUR-1.pdf

109. Horowitz D. Con�dential P�zer document shows the company 
observed 1.6 million adverse events covering nearly every organ 
system. 2023. Available at:                        .         
https://www.globalresearch.ca/con�dential-p�zer-document-sho
ws-company-observed-1-6-million-adverse-events-covering-near
ly-every-organ-system/5823115

110. �e WarRoom DailyClout P�zer Documents Analysts. �e P�zer 
Papers: P�zer’s Crimes against Humanity. 2024:35.

111. P�zer. Pharmacovigilance Plan for Biologic License Application 
#125742 Of Covid-19 mRNA vaccine (nucleoside modi�ed) 
(BNT162b2, PF-07302048). Available at:        .         
https://phmpt.org/wp-content/uploads/2023/01/125742_S21_M1
_pharmacovigilance-plan.pdf 

112. Gehrett B, Gehrett J, Flowers C, Britt L. Report 53: 77% of 
Cardiovascular Adverse Events from P�zer’s mRNA COVID Shot 
Occurred in Women, as Well as in People Under Age 65. Two 
Minors Su�ered Cardiac Events. 2024:35. Available at: 
https://dailyclout.io/report-53-cardiovascular-adverse-events/  

113. Kuhbandner C, Reitzner M. Estimation of excess mortality in 
Germany during 2020-2022. Cureus. 2023;15(5): e39371. 
https://doi.org/10.7759/cureus.39371 

114. Aarstad J, Kvitastein OA. Is there a link between the 2021 
COVID-19 vaccination uptake in Europe and 2022 excess 
all-cause mortality? Asian Pac J Health Sci. 2023;10(1):25-31. 
http://dx.doi.org/10.21276/apjhs.2023.10.1.6 

115. Economidou EC, Soteriades ES. Excess mortality in Cyprus during 
the COVID-19 vaccination campaign. Vaccine. 2024;42(15):3375- 
3376. https://doi.org/10.1016/j.vaccine.2023.11.028

116. Raknes G, Fagerås SJ, Sveen KA, Júlíusson PB, Strøm MS. Excess 
non-COVID-19 mortality in Norway 2020–2022. BMC Public 
Health. 2024;24(1):244. https://doi.org/10.1186/s12889-023-17515-5

117. Mostert S, Hoogland M, Huibers M, Kaspers G. Excess mortality 
across countries in the Western World since the COVID-19 
pandemic: ‘Our World in Data’estimates of January 2020 to 
December 2022. BMJ Public Health. 2024;2(1). 
https://doi.org/10.1136/bmjph-2023-000282 

118. Mansanguan S, Charunwatthana P, Piyaphanee W, Dechkhajorn W, 
Poolcharoen A, Mansanguan C. Cardiovascular manifestation of the 
BNT162b2 mRNA COVID-19 vaccine in adolescents. Trop Med 
Infect Dis. 2022;7(8):196. https://doi.org/10.3390/tropicalmed7080196

119. Su WJ, Liu YL, Chang CH, Lin YC, Huang WI, Wu LC, et al. Risk of 
myocarditis and pericarditis following coronavirus disease 2019 
messenger RNA vaccination—a nationwide study. J Microbiol Immunol 
Infect. 2023;56(3):558-565. https://doi.org/10.1016/j.jmii.2023.01.016

120. Bozkurt B, Kamat I, Hotez PJ. Myocarditis with COVID-19 mRNA 

vaccines. Circulation. 2021;144(6):471-484.           .        
https://doi.org/10.1161/CIRCULATIONAHA.121.056135 

121. Chiu SN, Chen YS, Hsu CC, Hua YC, Tseng WC, Lu CW, et al. 
Changes of ECG parameters a�er BNT162b2 vaccine in the senior 
high school students. Eur J Pediatr. 2023;182(3):1155-1162. 
https://doi.org/10.1007/s00431-022-04786-0 

122. Buergin N, Lopez‐Ayala P, Hirsiger JR, Mueller P, Median D, Glarner 
N, et al. Sex‐speci�c di�erences in myocardial injury incidence a�er 
COVID‐19 mRNA‐1273 booster vaccination. Eur J Heart Fail. 
2023;25(10):1871-1881. https://doi.org/10.1002/ejhf.2978

123. Goyal M, Ray I, Mascarenhas D, Kunal S, Sachdeva RA, Ish P. 
Myocarditis post-SARS-CoV-2 vaccination: a systematic review. 
QJM. 2023;116(1):7-25. https://doi.org/10.1093/qjmed/hcac064

124. Schwab C, Domke LM, Hartmann L, Stenzinger A, Longerich T, 
Schirmacher P. Autopsy-based histopathological characterization of 
myocarditis a�er anti-SARS-CoV-2-vaccination. Clin Res Cardiol. 
2023;112(3):431-440. https://doi.org/10.1007/s00392-022-02129-5

125. Hulscher N, Alexander PE, Amerling R, Gessling H, Hodkinson R, 
Makis W, et al. A systematic review of autopsy �ndings in deaths 
a�er COVID-19 vaccination. Forensic Sci Int. 2024:112115. 
https://doi.org/10.1016/j.forsciint.2024.112115

126. Hulscher N, Hodkinson R, Makis W, McCullough PA. Autopsy 
�ndings in cases of fatal COVID‐19 vaccine‐induced myocarditis. 
ESC heart failure. 2024. https://doi.org/10.1002/ehf2.14680 

127. Liberale L, Badimon L, Montecucco F, Lüscher TF, Libby P, Camici 
GG. In�ammation, aging, and cardiovascular disease: JACC 
review topic of the week. J Am Coll Cardiol. 2022;79(8):837-847. 
https://doi.org/10.1016/j.jacc.2021.12.017 

128. Blaylock RL. COVID UPDATE: What is the truth? Surg Neurol 
Int. 2022;13:167. https://doi.org/10.25259/SNI_150_2022

129. Larson KF, Ammirati E, Adler ED, Cooper Jr LT, Hong KN, 
Saponara G, et al. Myocarditis a�er BNT162b2 and mRNA-1273 
vaccination. Circulation. 2021;144(6):506-508.             .         
https://doi.org/10.1161/CIRCULATIONAHA.121.055913 

130. Engler RJ, Montgomery JR, Spooner CE, Nelson MR, Collins LC, 
Ryan MA, et al. Myocarditis and pericarditis recovery following 
smallpox vaccine 2002–2016: A comparative observational cohort 
study in the military health system. PloS one. 2023;18(5): 
e0283988. https://doi.org/10.1371/journal.pone.0283988

131. Grabenstein JD, Winkenwerder Jr W. US military smallpox 
vaccination program experience. Jama. 2003;289(24):3278-3282. 
https://doi.org/10.1001/jama.289.24.3278

132. Military Community Demographics, 2021.                   .        
https://www.militar yonesource.mil/data-research-and- 
statistics/military-community-demographics/ 

133. Deputy Secretary of Defense. Mandatory coronavirus disease 2019 
vaccination of DoD civilian employees. 2021.            .    
https://media.defense.gov/2021/Oct/04/2002867430/-1/-1/0/MA
NDATORY-CORONAVIRUS-DISEASE-2019-VACCINATION-
OF-DOD-CIVILIAN-EMPLOYEES-OSD008990-21-RESP-FINA
L.PDF

134. Romero E, Fry S, Hooker B. Safety of mRNA vaccines administered 
during the �rst twenty-four months of the International COVID-19 
vaccination program. Int J Vaccine �eory Pract Res. 
2023;3(1):891-910. https://doi.org/10.56098/ijvtpr.v3i1.70

135. Hurley P, Krohn M, LaSala T, Leavitt R, MacDonald CS, Nolan P, Rulis S, 
Sawyer M. Group Life COVID-19 Mortality Survey Report. Society of 
Actuaries Research Institute, Schaumburg, Illinois. 2023. Available at  
https://www.soa.org/resources/experience-studies/2023/group-life-covid-
mort-06-23/

136. Dowd E. " Cause Unknown": �e Epidemic of Sudden Deaths in 
2021 & 2022. Simon and Schuster; 2022.

137. Quarterly Excess Death Rate Analysis. Centers for Disease Control 
and Prevention. Phinance Technologies. 2023.            .    
https://phinancetechnologies.com/HumanityProjects/Quarterly%
20Excess%20Death%20Rate%20Analysis%20-%20US.htm    

138. �e Vigilant Fox. Edward Dowd presents irrefutable evidence vaccine 

mandates killed and disabled countless Americans. 2023. Available at: 
https://dailyclout.io/edward-dowd-presents-irrefutable-evidence-vacc
ine-mandates-killed-disabled-countless-americans/

139. McLachlan S, Osman M, Dube K, Chiketero P, Choi Y, Fenton N. 
Analysis of COVID-19 vaccine death reports from the Vaccine 
Adverse Events Reporting System (VAERS) database interim: Results 
and analysis. 2021:1-17. https://doi.org/10.13140/RG.2.2.26987.26402

140. Shimabukuro TT, Nguyen M, Martin D, DeStefano F. Safety monitoring 
in the vaccine adverse event reporting system (VAERS). Vaccine. 
2015;33(36):4398-4405. https://doi.org/10.1016/j.vaccine.2015.07.035

141. Amir M, Latha S, Sharma R, Kumar A. Association of cardiovascular 
events with COVID-19 vaccines using vaccine adverse event reporting 
system (VAERS): A retrospective study. Curr Drug Saf. 2024;19(3):402-406. 
https://doi.org/10.2174/0115748863276904231108095255

142. Varricchio F, Iskander J, Destefano F, Ball R, Pless R, Braun MM, 
Chen RT. Understanding vaccine safety information from the 
vaccine adverse event reporting system. Pediatr Infect Dis J. 2004; 
23(4):287-294. https://doi.org/10.1097/00006454-200404000-00002 

143. Lazarus R, Klompas M, Bernstein S. Electronic Support for Public 
Health–Vaccine Adverse Event Reporting System (ESP: VAERS). 
Grant. Final Report, Grant ID: R18 HS. 2010;17045. Available at: 
https://www.corruptedsystem.com/uploads/r18hs017045-lazarus-
�nal-report-2011.pdf

144. Montag K, Kampf G. Hospitalised Myocarditis and pericarditis 
cases in germany indicate a higher post-vaccination risk for young 
people mainly a�er COVID-19 vaccination. J Clin Med. 
2022;11(20):6073. https://doi.org/10.3390/jcm11206073 

145. Rose J. Critical appraisal of VAERS pharmacovigilance: Is the US 
vaccine adverse events reporting system (VAERS) a functioning 
pharmacovigilance system. Publ Health Pol the Law. 
2021;3:100-129.

146. Yan MM, Zhao H, Li ZR, Chow JW, Zhang Q, Qi YP, et al. Serious 
adverse reaction associated with the COVID-19 vaccines of 
BNT162b2, Ad26. COV2. S, and mRNA-1273: gaining insight 
through the VAERS. Frontiers in pharmacology. 2022;13:921760. 
https://doi.org/10.3389/fphar.2022.921760

147. Cadegiani FA. Catecholamines Are the Key Trigger of COVID-19 
mRNA Vaccine-Induced Myocarditis: A Compelling Hypothesis 
Supported by Epidemiological, Anatomopathological, Molecular, 
and Physiological Findings. Cureus. 2022;14(8):e27883. 
https://doi.org/10.7759/cureus.27883

148. Choi S, Lee S, Seo JW, Kim MJ, Jeon YH, Park JH, et al. 
Myocarditis-induced sudden death a�er BNT162b2 mRNA 
COVID-19 vaccination in Korea: Case report focusing on 
histopathological �ndings. J Korean Med Sci. 2021;36(40):e286. 
https://doi.org/10.3346/jkms.2021.36.e286

149. Gill JR, Tashjian R, Duncanson E. Autopsy histopathologic cardiac 
�ndings in 2 adolescents following the second COVID-19 vaccine 
dose. Arc Path Lab Med. 2022;146(8):925-929.      .         
https://doi.org/10.5858/arpa.2021-0435-SA

150. Park JH, Kim KH. COVID-19 vaccination-related myocarditis: 
what we learned from our experience and what we need to do in 
the future. Korean Circ J. 2024;54(6):295-310.      .         
https://doi.org/10.4070/kcj.2024.0065 

151. Bille K, Figueiras D, Schamasch P, Kappenberger L, Brenner JI, 
Meijboom FJ, et al. Sudden cardiac death in athletes: the Lausanne 
Recommendations. Eur J Cardiovasc Prev Rehabil. 2006;13(6): 
859-875. https://doi.org/10.1097/01.hjr.0000238397.50341.4a

152. Polykretis P, McCullough PA. Rational harm-bene�t assessments by 
age group are required for continued COVID-19 vaccination. Scand 
J Immunol. 2023;98(1):e13242. https://doi.org/10.1111/sji.13242 

153. Alexander LK, Small JD, Edwards S, Baric RS. An experimental 
model for dilated cardiomyopathy a�er rabbit coronavirus 
infection. J Infect Dis. 1992;166(5):978-985.            .         
https://doi.org/10.1093/infdis/166.5.978 

154. Alexander LK, Keene BW, Yount BL, Geratz JD, Small JD, Baric RS. 
ECG changes a�er rabbit coronavirus infection. J Electrocardiol. 

1999;32(1):21-32. https://doi.org/10.1016/S0022-0736(99)90018-3 
155. Long B, Brady WJ, Koyfman A, Gottlieb M. Cardiovascular 

complications in COVID-19. Am J Emerg Med. 
2020;38(7):1504-1507. https://doi.org/10.1016/j.ajem.2020.04.048 

156. Hudowenz O, Klemm P, Lange U, Rolf A, Schultheiss HP, Hamm 
C, et al. Case report of severe PCR-con�rmed COVID-19 
myocarditis in a European patient manifesting in mid January 
2020. Eur Heart J Case Rep. 2020;4(6):1-6.         .         
https://doi.org/10.1093/ehjcr/ytaa286 

157. Papageorgiou JM, Almroth H, Törnudd M, van der Wal H, 
Varelogianni G, Lawesson SS. Fulminant myocarditis in a 
COVID-19 positive patient treated with mechanical circulatory 
support - a case report. Eur Heart J Case Rep. 2020;5(2):ytaa523. 
https://doi.org/10.1093/ehjcr/ytaa523

158. ACC Underscores Safety of COVID-19 Vaccine. American College 
of Cardiology. 2022. Available on:                   .         
https://www.acc.org/Latest-in-Cardiology/Articles/2022/10/14/15
/13/ACC-Underscores-Safety-of-COVID-19-Vaccine

159. Chung MK, Zidar DA, Bristow MR, Cameron SJ, Chan T, Harding 
CV III, et al. COVID-19 and Cardiovascular Disease: From Bench 
to Bedside. Circ Res. 2021;128(8):1214-1236.            .         
https://doi.org/10.1161/CIRCRESAHA.121.317997 

160. McCarthy C, Li S, Wang TY, Raber I, Sandoval Y, Smilowitz NR, et 
al. Implementation of High-Sensitivity Cardiac Troponin Assays 
in the United States. J Am Coll Cardiol. 2023;81(3):207-219. 
https://doi.org/10.1016/j.jacc.2022.10.017

161. Gottlieb M, Sansom S, Frankenberger C, Ward E, Hota B. Clinical 
Course and Factors Associated with Hospitalization and Critical 
Illness Among COVID-19 Patients in Chicago, Illinois. Acad 
Emerg Med. 2020;27(10):963-973.               .         
https://doi.org/10.1111/acem.14104 

162. Chauin A. �e Main Causes and Mechanisms of Increase in Cardiac 
Troponin Concentrations Other �an Acute Myocardial Infarction 
(Part 1): Physical Exertion, In�ammatory Heart Disease, 
Pulmonary Embolism, Renal Failure, Sepsis. Vasc Health Risk 
Manag. 2021;17:601-617. https://doi.org/10.2147/VHRM.S327661 

163. Chuang AM, Nguyen MT, Kung WM, Lehman S, Chew DP. 
High-sensitivity troponin in chronic kidney disease: Considerations 
in myocardial infarction and beyond. Rev Cardiovasc Med. 
2020;21(2):191-203. https://doi.org/10.31083/J.RCM.2020.02.17 

164. Siripanthong B, Nazarian S, Muser D, Deo R, Santangeli P, Khanji 
MY, et al. Recognizing COVID-19-related myocarditis: �e 
possible pathophysiology and proposed guideline for diagnosis 
and management. Heart Rhythm. 2020;17(9):1463-1471. 
https://doi.org/10.1016/j.hrthm.2020.05.001 

165. Castiello T, Georgiopoulos G, Finocchiaro G, Claudia M, Gianatti 
A, Delialis D, et al. COVID-19 and myocarditis: a systematic 
review and overview of current challenges. Heart Fail Rev. 
2022;27(1):251-261. https://doi.org/10.1007/s10741-021-10087-9 

166. Mele D, Flamigni F, Rapezzi C, Ferrari R. Myocarditis in COVID-19 
patients: current problems. Intern Emerg Med. 2021;16 
(5):1123-1129. https://doi.org/10.1007/s11739-021-02635-w 

167. Alcoba G, Keitel K, Maspoli V, Lacroix L, Manzano S, Gehri M, et 
al. A three-step diagnosis of pediatric pneumonia at the 
emergency department using clinical predictors, C- reactive 
protein, and pneumococcal PCR. Eur J Pediatr. 
2017;176(6):815-824. https://doi.org/10.1007/s00431-017-2913-0

168. Karbalai Saleh S, Oraii A, Soleimani A, Hadadi A, Shajari Z, Montazeri 
M, et al. �e association between cardiac injury and outcomes in 
hospitalized patients with COVID-19. Intern Emerg Med. 
2020;15(8):1415-1424. https://doi.org/10.1007/s11739-020-02466-1

169. Jalali F, Hatami F, Saravi M, Jafaripour I, Hedayati MT, Amin K, et 
al. Characteristics and outcomes of hospitalized patients with 
cardiovascular complications of COVID-19. J Cardiovasc �orac 
Res. 2021;13(4):355-363. https://doi.org/10.34172/jcvtr.2021.53 

170. Held KS. COVID-19 statistics and facts: Meaningful or a means of 
manipulation? J Am Physicians Surg. 2020; 25(3), 70-72. 

https://jpands.org/vol25no3/held.pdf 
171. Tom MR, Mina MJ. To Interpret the SARS-CoV-2 Test, Consider 

the Cycle �reshold Value. Clin Infect Dis. 2020;71(16):2252- 
2254. https://doi.org/10.1093/cid/ciaa619 

172. Doshi P, Powers JH. Determining the Infectious Potential of 
Individuals with Positive Reverse- Transcription Polymerase 
Chain Reaction Severe Acute Respiratory Syndrome Coronavirus 
2 Tests. Clin Infect Dis. 2021;73(11):e3900-e3901.          .         
https://doi.org/10.1093/cid/ciaa1819 

173. Je�erson T, Spencer EA, Brassey J, Heneghan C. Viral Cultures for 
Coronavirus Disease 2019 Infectivity Assessment: A Systematic 
Review. Clin Infect Dis. 2021;73(11):e3884-e3899.      .         
https://doi.org/10.1093/cid/ciaa1764 

174. McLeod D, Martins I, Pelech S, Beck C, Shaw CA. Dispelling the 
myth of a pandemic of the unvaccinated. Int J Vaccine �eory Pract 
Res. 2021; 2(1), 267–286. https://doi.org/10.56098/ijvtpr.v2i1.38 

175. Buitrago-Garcia D, Ipekci AM, Heron L, Imeri H, 
Araujo-Chaveron L, Arevalo-Rodriguez I, et al. Occurrence and 
transmission potential of asymptomatic and presymptomatic 
SARS-CoV-2 infections: Update of a living systematic review and 
meta-analysis. PLoS Med. 2022;19(5):e1003987.      .         
https://doi.org/10.1371/journal.pmed.1003987 

176. Gao W, Lv J, Pang Y, Li LM. Role of asymptomatic and 
pre-symptomatic infections in covid-19 pandemic. BMJ. 
2021;375:n2342. https://doi.org/10.1136/bmj.n2342

177. Bergeri I, Whelan MG, Ware H, Subissi L, Nardone A, Lewis HC, 
et al.; Unity Studies Collaborator Group. Global SARS-CoV-2 
seroprevalence from January 2020 to April 2022: A systematic 
review and meta- analysis of standardized population-based 
studies. PLoS Med. 2022;19(11):e1004107.      .         
https://doi.org/10.1371/journal.pmed.1004107 

178. Azami M, Moradi Y, Moradkhani A, Aghaei A. SARS-CoV-2 
seroprevalence around the world: an updated systematic review 
and meta-analysis. Eur J Med Res. 2022;27(1):81.      .         
https://doi.org/10.1186/s40001-022-00710-2 

179. Kucirka LM, Lauer SA, Laeyendecker O, Boon D, Lessler J. 
Variation in False-Negative Rate of Reverse Transcriptase 
Polymerase Chain Reaction-Based SARS-CoV-2 Tests by Time 
Since Exposure. Ann Intern Med. 2020;173(4):262-267. 
https://doi.org/10.7326/M20-1495 

180. Mina MJ, Parker R, Larremore DB. Rethinking Covid-19 Test 
Sensitivity - A Strategy for Containment. N Engl J Med. 
2020;383(22):e120. https://doi.org/10.1056/NEJMp2025631

181. Caplan A, Bates KW, Brioni C, Santos A, Sabatini LM, Kaul KL, et al. 
Clinical characteristics and viral load dynamics of COVID-19 in a 
mildly or moderately symptomatic outpatient sample. PLoS One. 
2021;16(10):e0258970. https://doi.org/10.1371/journal.pone.0258970 

182. Klein H, Asseo K, Karni N, Benjamini Y, Nir-Paz R, Muszkat M, et 
al. Onset, duration and unresolved symptoms, including smell and 
taste changes, in mild COVID-19 infection: a cohort study in 
Israeli patients. Clin Microbiol Infect. 2021;27(5):769–774. 
https://doi.org/10.1016/j.cmi.2021.02.008 

183. Russell TW, Golding N, Hellewell J, Abbott S, Wright L, Pearson 
CAB, et al. Reconstructing the early global dynamics of 
under-ascertained COVID-19 cases and infections. BMC Med. 
2020;18(1):332. https://doi.org/10.1186/s12916-020-01790-9 

184. Havers FP, Reed C, Lim T, Montgomery JM, Klena JD, Hall AJ, et al. 
Seroprevalence of Antibodies to SARS-CoV-2 in 10 Sites in the 
United States, March 23-May 12, 2020. JAMA Intern Med. 2020;180 
(12):1576-1586. https://doi.org/10.1001/jamainternmed.2020.4130 

185. Estimated COVID-19 Burden. United States Centers for Disease 
Control and Prevention. 2021. Available at:      .         
https://archive.cdc.gov/www_cdc_gov/coronavirus/2019-ncov/ca
ses-updates/burden.html 

186. Ferguson N, Ghani A, Hinsley W, Volz E. Report 50: 
Hospitalisation risk for Omicron cases in England. Imperial 
College London. 2021:1-12. https://doi.org/10.25561/93035 

187. Gaughan C, Massie L, Braunholtz D, Howells T, Fordham E. Coronavirus 
(COVID-19) Infection Survey Technical Article: Cumulative Incidence of 
the Number of People Who Have Tested Positive for COVID-19, UK. 
O�ce for National Statistics. 2023.Available at:          .         
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocial
care/conditionsanddiseases/articles/coronaviruscovid19infectionsurveytec
hnicalarticlecumulativeincidenceo�henumberofpeoplewhohavebeeninfec
tedwithcovid19byvariantandageengland/9february2023 

188. Bourdon PS, Pantazatos SP. Why a major study on myocarditis risk 
following COVID vaccination should not in�uence public-health policy. 
Front. Med. 2023; 10:1126945. https://doi.org/10.3389/fmed.2023.1126945

189. Knudsen B, Prasad V. COVID-19 vaccine induced myocarditis in 
young males: A systematic review. Eur J Clin Invest. 
2023;53(4):e13947. https://doi.org/10.1111/eci.13947 

190. Cordero A, Cazorla D, Escribano D, Quintanilla MA, López-Ayala 
JM, Berbel PP, et al. Myocarditis a�er RNA-based vaccines for 
coronavirus. Int J Cardiol. 2022;353:131-134.           .         
https://doi.org/10.1016/j.ijcard.2022.01.037 

191. Wang M, Wen W, Zhou M, Wang C, Feng ZH. Meta-Analysis of 
Risk of Myocarditis A�er Messenger RNA COVID-19 Vaccine. 
Am J Cardiol. 2022;167:155-157.                    .        
https://doi.org/10.1016/j.amjcard.2021.12.007

192. Kämmerer U, Pekova S, Klement R, Louwen R, Borger P, Steger K. 
RT-PCR test targeting the conserved 5’-UTR of SARS-CoV-2 
overcomes shortcomings of the �rst WHO-recommended 
RT-PCR test. Int J Vaccine �eory Pract Res. 2023; 3(1):818-846. 
https://doi.org/10.56098/ijvtpr.v3i1.71  

193. Franchi F, Tomsic J. Comments on Kämmerer, et al. Regarding 
RT-PCR Testing. Int J Vaccine �eory Pract Res. 2023; 3(1), 
846.1-846.4. https://doi.org/10.56098/ijvtpr.v3i1.82

194. Patterson BK, Yogendra R, Francisco EB, Long E, Pise A, Osgood E, et 
al. Persistence of S1 spike protein in CD16+ monocytes up to 245 days 
in SARS-CoV-2 negative post COVID-19 vaccination individuals with 
post-acute sequalae of COVID-19 (PASC)-like symptoms. medRxiv. 
2024:2024-2103. https://doi.org/10.1101/2024.03.24.24304286 

195. Parry PI, Lefringhausen A, Turni C, Neil CJ, Cosford R, Hudson 
NJ, et al. 'Spikeopathy': COVID-19 Spike Protein Is Pathogenic, 
from Both Virus and Vaccine mRNA. Biomedicines. 
2023;11(8):2287. https://doi.org/10.3390/biomedicines11082287

196. Patel P, �ompson PD. Diagnosing COVID-19 myocarditis in 
athletes using cMRI. Trends Cardiovasc Med. 2022;32(3):146-150. 
https://doi.org/10.1016/j.tcm.2021.12.009 

197. Shave R, George KP, Atkinson G, Hart E, Middleton N, Whyte G, 
et al. Exercise- induced cardiac troponin T release: a 
meta-analysis. Med Sci Sports Exerc. 2007;39(12):2099–2106. 
https://doi.org/10.1249/mss.0b013e318153�78 

198. Małek ŁA, Marczak M, Miłosz-Wieczorek B, Konopka M, Braksator 
W, Drygas W et al. Cardiac involvement in consecutive elite athletes 
recovered from COVID-19: a magnetic resonance study. J Magn 
Reson Imaging. 2021. https://doi.org/10.1002/jmri.27513 

199. Maestrini V, Merghani A, Rosmini S, Cox A, Bulluck H, Culotta V, 
et al. CMR �ndings in high endurance veteran athletes - a 247 
subject study. J Cardiovasc Magn Reson. 2016;18(1):O38. 
https://doi.org/10.1186/1532-429X-18-S1-O38

200. Clark DE, Parikh A, Dendy JM, Diamond AB, George-Durrett K, Fish 
FA, et al. COVID-19 myocardial pathology evaluation in athletes with 
cardiac magnetic resonance (COMPETE CMR). Circulation. 2021;143 
(6):609-612. https://doi.org/10.1161/CIRCULATIONAHA.120.052573

201. Daniels CJ, Rajpal S, Greenshields JT, Rosenthal GL, Chung EH, 
Terrin M, et al. Prevalence of clinical and subclinical myocarditis in 
competitive athletes with recent SARS-CoV-2 infection: results 
from the big ten COVID-19 cardiac registry. JAMA Cardiol. 2021;6 
(9):1078-1087. https://doi.org/10.1001/jamacardio.2021.2065

202. Fenton N, Neil M. Fighting Goliath: Exposing the �awed science 
and statistics behind the COVID-19 event. Sovereign Rights 
Publishing. 2024.

203. Birtolo LI, Di Pietro G, Ciu�reda A, Improta R, Monosilio S, Prosperi 

S, et al. �e impact of vaccination status on post-acute sequelae in 
hospitalized COVID- 19 survivors using a multi-disciplinary 
approach: An observational single center study. Heliyon. 
2024;10(22):e40409. https://doi.org/10.1016/j.heliyon.2024.e40409 

204. Andrews CD, Parker EPK, Horne E, Walker V, Palmer T, Scha�er 
AL, et al. OpenSAFELY: E�ectiveness of COVID-19 vaccination in 
children and adolescents. medRxiv. 2024:2024-2105.      .          
https://doi.org/10.1101/2024.05.20.24306810

205. Boehmer TK, Kompaniyets L, Lavery AM, Hsu J, Ko JY, Yusuf H, 
et al. Association Between COVID-19 and Myocarditis Using 
Hospital-Based Administrative Data - United States, March 
2020-January 2021. MMWR Morb Mortal Wkly Rep. 2021;70(35): 
1228-1232. http://dx.doi.org/10.15585/mmwr.mm7035e5

206. Klement RJ, Walach H. Commentary: raised c-troponin levels as a 
sign of myocardial injury a�er COVID- 19 vaccination in healthy 
individuals are worrying. Egypt Heart J. 2024;76(1):16. 
https://doi.org/10.1186/s43044-024-00441-1

207. Alhussein MM, Rabbani M, Sarak B, Dykstra S, Labib D, Flewitt J, 
et al. Natural history of myocardial injury a�er COVID-19 
vaccine–associated myocarditis. Can J Cardiol. 2022;38(11):1676- 
1683. https://doi.org/10.1016/j.cjca.2022.07.017

208. Nakahara T, Iwabuchi Y, Miyazawa R, Tonda K, Shiga T, Strauss 
HW, et al. Assessment of myocardial 18F-FDG uptake at PET/CT 
in asymptomatic SARS-CoV-2–vaccinated and nonvaccinated 
patients. Radiol. 2023;308(3):e230743.                    .         
https://doi.org/10.1148/radiol.230743

209. Harris KM, Mackey-Bojack S, Bennett M, Nwaudo D, Duncanson 
E, Maron BJ. Sudden unexpected death due to myocarditis in 
young people, including athletes. Am J Cardiol. 2021;143:131-134. 
https://doi.org/10.1016/j.amjcard.2020.12.028

210. Markwerth P, Bajanowski T, Tzimas I, Dettmeyer R. Sudden 
cardiac death—update. Int J Legal Med. 2021;135:483-495. 
https://doi.org/10.1007/s00414-020-02481-z

211. Ammirati E, Frigerio M, Adler ED, Basso C, Birnie DH, Brambatti M, et al. 
Management of acute myocarditis and chronic in�ammatory 
cardiomyopathy: an expert consensus document. Circ Heart Fail. 2020;13 
(11):e007405. https://doi.org/10.1161/CIRCHEARTFAILURE.120.007405

212. McGonagle D, Giryes S. An immunology of coronary atherosclerosis 
and unexplained sudden death in the COVID-19 era. Autoimmun 
Rev. 2024;103642. https://doi.org/10.1016/j.autrev.2024.103642

213. Sousa PM, Silva EA, Campos MA, Lages JS, Corrêa RD, Silva GE. 
Fatal myocarditis following COVID-19 mrna immunization: a 
case report and di�erential diagnosis review. Vaccines. 
2024;12(2):194. https://doi.org/10.3390/vaccines12020194

214. Lynge TH, Nielsen TS, Winkel BG, Tfelt-Hansen J, Banner J. Sudden 
cardiac death caused by myocarditis in persons aged 1–49 years: a 
nationwide study of 14 294 deaths in Denmark. Forensic Sci. Res. 
2019;4(3):247-256. https://doi.org/10.1080/20961790.2019.1595352

215. Ali-Ahmed F, Dalgaard F, Al-Khatib SM. Sudden cardiac death in patients 
with myocarditis: Evaluation, risk strati�cation, and management. Am 
Heart J. 2020;220:29-40. https://doi.org/10.1016/j.ahj.2019.08.007

216. Richter S, Schwab T, Berchthold-Herz M, Beyersdorf F, Schlensak 
C, Bode C, et al. Borderline-Myokarditis als Auslöser für 
therapierefraktäres Kammer�immern. Intensivmed. 2008;45(5): 
287-291. https://doi.org/10.1007/s00390-008-0865-3

217. De Salvia A, De Leo D, Carturan E, Basso C. Sudden cardiac death, 
borderline myocarditis and molecular diagnosis: evidence or 
assumption?. Med Sci Law. 2011;51(1_suppl):27-29.      .         
https://doi.org/10.1258/msl.2010.010056 

218. Makis, W. Personal communications.2024
219. Hulscher N, Cook M, Stricker R, McCullough PA. Excess 

cardiopulmonary arrest and mortality a�er COVID-19 
vaccination in King County, Washington. 2024.            .         
https://www.preprints.org/manuscript/202405.1665/v1 

220. Yeo YH, Wang M, He X, Lv F, Zhang Y, Zu J, et al. Excess risk for 
acute myocardial infarction mortality during the COVID‐19 
pandemic. J Med Virol. 2023;95(1):e28187.                .         

https://doi.org/10.1002/jmv.28187 
221. Martin SS, Aday AW, Almarzooq ZI, Anderson CA, Arora P, Avery CL, et 

al. 2024 heart disease and stroke statistics: a report of US and global data 
from the American Heart Association. Circulation. 2024;149(8):e347-e913. 
https://doi.org/10.1161/CIR.0000000000001209 

222. Janus SE, Makhlouf M, Chahine N, Motairek I, Al-Kindi SG. 
Examining disparities and excess cardiovascular mortality before 
and during the COVID-19 pandemic. Mayo Clin Proc. 2022;97(12): 
2206-2214. https://doi.org/10.1016/j.mayocp.2022.07.008

223. Woodru� RC, Tong X, Khan SS, Shah NS, Jackson SL, Loustalot F, 
et al. Trends in cardiovascular disease mortality rates and excess 
deaths, 2010–2022. Am J Prev Med. 2024;66(4):582-589. 
https://doi.org/10.1016/j.amepre.2023.11.009

224. Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, et al. 
Myocarditis a�er Covid-19 vaccination in a large health care 
organization.  N Engl J Med. 2021;385(23):2132-2139.      .         
https://doi.org/10.1056/NEJMoa2110737

225. Ferreira JP, Machu JL, Girerd N, Jaisser F, �um T, Butler J, et al. 
Rationale of the FIBROTARGETS study designed to identify novel 
biomarkers of myocardial �brosis. ESC Heart Fail. 2018;5(1): 
139-148. https://doi.org/10.1002/ehf2.12218

226. Tzahor E, Poss KD. Cardiac regeneration strategies: staying young 
at heart. Science. 2017;356(6342):1035-1039.        .         
https://doi.org/10.1126/science.aam5894

227. Barmada A, Klein J, Ramaswamy A, Brodsky NN, Jaycox JR, 
Sheikha H, et al. Cytokinopathy with aberrant cytotoxic 
lymphocytes and pro�brotic myeloid response in SARS-CoV-2 
mRNA vaccine–associated myocarditis. Sci Immunol. 2023;8(83): 
eadh3455. https://doi.org/10.1126/sciimmunol.adh3455

228. Yu CK, Tsao S, Ng CW, Chua GT, Chan KL, Shi J, et al. 
Cardiovascular assessment up to one year a�er COVID-19 
vaccine–associated myocarditis. Circ. 2023;148(5):436-439. 
https://doi.org/10.1161/CIRCULATIONAHA.123.064772

229. Brociek E, Tymińska A, Giordani AS, Caforio AL, Wojnicz R, 
Grabowski M, et al. Myocarditis: etiology, pathogenesis, and their 
implications in clinical practice. Biol. 2023;12(6):874. 
https://doi.org/10.3390/biology12060874

230. Jain SS, Anderson SA, Steele JM, Wilson HC, Muniz JC, Soslow 
JH, et al. Cardiac manifestations and outcomes of COVID-19 
vaccine-associated myocarditis in the young in the USA: 
longitudinal results from the Myocarditis A�er COVID 
Vaccination (MACiV) multicenter study. EClinicalMedicine. 
2024;76. https://doi.org/10.1016/j.eclinm.2024.102809

231. Sharma AN, Stultz JR, Bellamkonda N, Amsterdam EA. 
Fulminant myocarditis: epidemiology, pathogenesis, diagnosis, 
and management. Am J Cardiol. 2019;124(12):1954-1960. 
https://doi.org/10.1016/j.amjcard.2019.09.017

232. Chau EM, Chow WH, Chiu CS, Wang E. Treatment and outcome 
of biopsy-proven fulminant myocarditis in adults. Int J Cardiol. 
2006;110(3):405-406. https://doi.org/10.1016/j.ijcard.2005.07.082

233. Jiang J, Wang DW. Follow-Up and Long-Term Prognosis of 
Myocarditis and Fulminant Myocarditis. InFulminant Myocarditis 
2022;277-288.  https://doi.org/10.1007/978-981-19-5759-8_19

234. Lindner D, Fitzek A, Bräuninger H, Aleshcheva G, Edler C, Meissner 
K, et al. Association of cardiac infection with SARS-CoV-2 in 
con�rmed COVID-19 autopsy cases. JAMA Cardiol. 2020;5(11): 
1281-1285. https://doi.org/doi:10.1001/jamacardio.2020.3551

235. Watanabe S, Hama R. SARS-CoV-2 vaccine and increased myocarditis 
mortality risk: A population based comparative study in Japan. 
medRxiv. 2022:2022-10. https://doi.org/10.1101/2022.10.13.22281036

236. Abrams JY, Oster ME, Godfred-Cato SE, Bryant B, Datta SD, Campbell 
AP, et al. Factors linked to severe outcomes in multisystem 
in�ammatory syndrome in children (MIS-C) in the USA: a 
retrospective surveillance study. Lancet Child Adolesc Health. 2021; 
5(5):323-331. https://doi.org/10.1016/S2352-4642(21)00050-X

237. Verma AK, Lavine KJ, Lin CY. Myocarditis a�er Covid-19 mRNA 
vaccination. N Engl J Med. 2021;385(14):1332-1334.      .         

https://www.nejm.org/doi/full/10.1056/NEJMc2109975
238. Shime M, Nozaki Y, Morita A, Ishiodori T, Murakami T, Yamasaki 

H, et al. Life‐threatening severe acute respiratory syndrome 
coronavirus‐2 mRNA vaccine‐associated myocarditis a�er 
COVID‐19 myocarditis. J Paediatr Child Health. 2023;59(12). 
https://doi.org/10.1111/jpc.16498

239. Takada K, Taguchi K, Samura M, Igarashi Y, Okamoto Y, Enoki Y, 
et al. SARS-CoV-2 mRNA vaccine-related myocarditis and 
pericarditis: An analysis of the Japanese Adverse Drug Event 
Report database. J Infect Chemother. 2025;31(1):102485. 
https://doi.org/10.1016/j.jiac.2024.07.025

240. Husby A, Gulseth HL, Hovi P, Hansen JV, Pihlström N, Gunnes N, et al. 
Clinical outcomes of myocarditis a�er SARS-CoV-2 mRNA vaccination 
in four Nordic countries: population-based cohort study. BMJ Med. 
2023;2(1):e000373. https://doi.org/10.1136/bmjmed-2022-000373

241. Adab P, Haroon S, O’Hara ME, Jordan RE. Comorbidities and 
covid-19. Bmj. 2022;377. https://doi.org/10.1136/bmj.o1431

242. Dominguez LJ, Barbagallo M. �e biology of the metabolic 
syndrome and aging. Curr Opin Clin Nutr Metab Care. 2016; 
19(1):5-11. https://doi.org/10.1097/MCO.0000000000000243

243. Al-So�ani ME, Ganji SS, Kalyani RR. Body composition changes 
in diabetes and aging. J Diabetes Complications. 2019;33(6): 
451-459. https://doi.org/10.1016/j.jdiacomp.2019.03.007

244. Kruglikov IL, Shah M, Scherer PE. Obesity and diabetes as 
comorbidities for COVID-19: Underlying mechanisms and the 
role of viral–bacterial interactions. Elife. 2020;9:e61330. 
https://doi.org/10.7554/eLife.61330

245. Shah H, Khan MS, Dhurandhar NV, Hegde V. �e triumvirate: 
why hypertension, obesity, and diabetes are risk factors for adverse 
e�ects in patients with COVID-19. Acta Diabetol. 2021;58(7): 
831-843. https://doi.org/10.1007/s00592-020-01636-z

246. Yanez ND, Weiss NS, Romand JA, Treggiari MM. COVID-19 
mortality risk for older men and women. BMC public health. 
2020;20(1):1742. https://doi.org/10.1186/s12889-020-09826-8

247. Schumacher AE, Kyu HH, Aali A, Abbafati C, Abbas J, 
Abbasgholizadeh R, et al. Global age-sex-speci�c mortality, life 
expectancy, and population estimates in 204 countries and 
territories and 811 subnational locations, 1950–2021, and the 
impact of the COVID-19 pandemic: a comprehensive 
demographic analysis for the Global Burden of Disease Study 
2021. �e Lancet. 2024;403(10440):1989-2056.           .         
https://doi.org/10.1016/S0140-6736(24)00476-8

248. Massoullié G, Boyer B, Sapin V, Jean F, Andronache M, Peoc’h M, 
et al. Sudden cardiac death risk in contact sports increased by 
myocarditis: a case series. Eur Heart J. 2021;5(3):ytab054. 
https://doi.org/10.1093/ehjcr/ytab054

249. Bohm P, Scharhag J, Egger F, Tischer KH, Niederseer D, Schmied C, 
et al. Sports-related sudden cardiac arrest in Germany. Can J Cardiol. 
2021;37(1):105-112. https://doi.org/10.1016/j.cjca.2020.03.021 

250. P�zer biodistribution con�dential document translated to 
English.2022. Available at                            .         
https://www.naturalnews.com/�les/P�zer-bio-distribution-con�d
ential-document-translated-to-english.pdf 

251. Kanczkowski W, Evert K, Stadtmüller M, Haberecker M, Laks L, Chen LS, et 
al. COVID-19 targets human adrenal glands. Lancet Diabetes Endocrinol. 
2022;10(1):13-16. https://doi.org/10.1016/S2213-8587(21)00291-6

252. Sheppard MN, Westaby J, Zullo E, Fernandez BV, Cox S, Cox A. 
Sudden arrhythmic death and cardiomyopathy are important 
causes of sudden cardiac death in the UK: results from a national 
coronial autopsy database. Histopathol. 2023;82(7):1056-1066. 
https://doi.org/10.1111/his.14889

253. Healy J, Youssef AM, Sawant S, Orchard JJ, Rehan R, Van Vuuren 
R, et al. Trends in sudden unexpected deaths in an Australian 
population: Impact of the COVID-19 pandemic. Heart Lung Circ. 
2024;33(12):1693-1698. https://doi.org/10.1016/j.hlc.2024.07.009

254. Smith J, Schrader S, Morgan H, Shenton P, Alafaci A, Cox N, et al. 
Clinical phenotype of COVID‐19 vaccine‐associated myocarditis 

in Victoria, 2021–22: a cross‐sectional study. Med J Aust. 
2025;222(1):23-29. https://doi.org/10.5694/mja2.52557

255. Sennfält S, Norrving B, Petersson J, Ullberg T. Long-term survival 
and function a�er stroke: a longitudinal observational study from 
the Swedish Stroke Register. Stroke. 2019;50(1):53-61. 
https://doi.org/10.1161/STROKEAHA.118.022913

256. Yazdanfard PD, Christensen AH, Tfelt-Hansen J, Bundgaard H, 
Winkel BG. Non-diagnostic autopsy �ndings in sudden 
unexplained death victims. BMC Cardiovasc Disord. 2020;20:1-7. 
https://doi.org/10.1186/s12872-020-01361-z

257. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil 
AC, et al. Remdesivir for the treatment of Covid-19—preliminary 
report. N Engl J Med. 2020;383(19):1813-1836.        .         
https://doi.org/10.1056/NEJMoa2007764

258. Nina Youngstrom. CMS Hikes Payment for COVID-19 Inpatients 
Treated With New Drugs, Links it to 20% Bonus. J.D.Supra. Health 
Care Compliance Association. 2020. Available at      .         
https://www.jdsupra.com/legalnews/cms-hikes-payment-for-covi
d-19-19452/

259. Wang Y, Zhang D, Du G, Du R, Zhao J, Jin Y, et al. Remdesivir in 
adults with severe COVID-19: a randomised, double-blind, 
placebo-controlled, multicentre trial. �e Lancet. 2020;395(10236): 
1569-1578. https://doi.org/10.1016/S0140-6736(20)31022-9

260. Kwok M, Lee C, Li HS, Deng R, Tsoi C, Ding Q, et al. Remdesivir 
induces persistent mitochondrial and structural damage in human 
induced pluripotent stem cell-derived cardiomyocytes. Cardiovasc 
Res. 2022;118(12):2652-2664. https://doi.org/10.1093/cvr/cvab311

261. Gholipour M, Samidoost P, Moayerifar M, Ghasemzadeh G. A case report 
of QTc prolongation: Drug induced or myocarditis in Severe Acute 
Respiratory Syndrome Coronavirus 2. SAGE Open Med Case Rep. 2024; 
12:2050313X241233432. https://doi.org/10.1177/2050313X241233432

262. Harbi S, AlFai� M, Al-Dorzi HM, Aljuhani O, Alenazi AA, Alalawi 
M, et al. A case report on the association between QTc prolongation 
and remdesivir therapy in a critically ill patient. IDCases. 
2022;29:e01572. https://doi.org/10.1016/j.idcr.2022.e01572

263. Nabati M, Parsaee H. Potential cardiotoxic e�ects of remdesivir on 
cardiovascular system: a literature review. Cardiovasc. Toxicol. 
2022;22(3):268-272. https://doi.org/10.1007/s12012-021-09703-9

264. Tian E, Cosme C, Bauzon J, Batra K, Azar F, Schreiber A. 
Remdesivir-associated bradycardia in COVID-19: a rapid review 
protocol. BMJ open. 2023;13(5):e068564.          .          
https://doi.org/10.1136/bmjopen-2022-068564

265. Krauson AJ, Casimero FV, Siddiquee Z, Stone JR. Duration of 
SARS-CoV-2 mRNA vaccine persistence and factors associated with 
cardiac involvement in recently vaccinated patients. NPJ Vaccines. 
2023;8(1):141. https://doi.org/10.1038/s41541-023-00742-7

266. Baumeier C, Aleshcheva G, Harms D, Gross U, Hamm C, Assmus 
B, et al. Intramyocardial in�ammation a�er COVID-19 
vaccination: an endomyocardial biopsy-proven case series. Int J 
Mol Sci. 2022;23(13):6940. https://doi.org/10.3390/ijms23136940

267. Schreckenberg R, Woitasky N, Itani N, Czech L, Ferdinandy P, 
Schulz R. Cardiac side e�ects of RNA‐based SARS‐CoV‐2 vaccines: 
hidden cardiotoxic e�ects of mRNA‐1273 and BNT162b2 on 
ventricular myocyte function and structure. Br J Pharmacol. 
2024;181(3):345-361. https://doi.org/10.1111/bph.16262

268. Vaccine side e�ects. U.S. Department of Health & Human 
Services. 2022. Retrieved on 2024. Available at          .         
https://www.hhs.gov/immunization/basics/safety/side-e�ects/index.html

269. Singer ME, Taub IB, Kaelber DC. Risk of myocarditis from COVID-19 
infection in people under age 20: a population-based analysis. 
MedRxiv. 2021:2021-07. https://doi.org/10.1101/2021.07.23.21260998

270. Funk PR, Yogurtcu ON, Forshee RA, Anderson SA, Marks PW, 
Yang H. Bene�t-risk assessment of COVID-19 vaccine, mRNA 
(Comirnaty) for age 16–29 years. Vaccine. 2022;40(19):2781-2789. 
https://doi.org/10.1016/j.vaccine.2022.03.030

271. Yogurtcu ON, Funk PR, Forshee RA, Anderson SA, Marks PW, 
Yang H. Bene�t-risk assessment of covid-19 vaccine, MRNA 

(MRNA-1273) for males age 18–64 years. Vaccine: X. 
2023;14:100325. https://doi.org/10.1016/j.jvacx.2023.100325

272. Doshi P. Revolving doors: board memberships, hedge funds, and 
the FDA chiefs responsible for regulating industry. BMJ. 
2024;385:q975. https://doi.org/10.1136/bmj.q975

273. Deyo RA. Gaps, tensions, and con�icts in the FDA approval 
process: implications for clinical practice. J Am Board Fam Pract. 
2004;17(2):142-149.  https://doi.org/10.3122/jabfm.17.2.142

274. Adams B. Moderna nabs a BARDA billion as it kick-starts 
late-stage pandemic vaccine test. 2022. Available at      .         
https://www.�ercebiotech.com/biotech/moderna-nabs-a-barda-bi
llion-as-its-kickstarts-late-stage-pandemic-vaccine-test

275. Lalani HS, Nagar S, Sarpatwari A, Barenie RE, Avorn J, Rome BN, 
et al. US public investment in development of mRNA covid-19 
vaccines: retrospective cohort study. BMJ. 2023;380.      .         
https://doi.org/10.1136/bmj-2022-073747

276. Webb NE, Osburn TS. Characteristics of hospitalized children 
positive for SARS-CoV-2: experience of a large center. Hosp Pediatr. 
2021;11(8):e133-141. https://doi.org/10.1542/hpeds.2021-005919

277. Kushner LE, Schroeder AR, Kim J, Mathew R. “For COVID” or 
“With COVID”: classi�cation of SARS-CoV-2 hospitalizations in 
children. Hosp Pediatr. 2021;11(8):e151-156.              .         
https://doi.org/10.1542/hpeds.2021-006001

278. Drouin O, Hepburn CM, Farrar DS, Baerg K, Chan K, Cyr C, et al. 
Characteristics of children admitted to hospital with acute 
SARS-CoV-2 infection in Canada in 2020. Cmaj. 
2021;193(38):E1483-1493.  https://doi.org/10.1503/cmaj.210053

279. Havers FP. Hospitalization of adolescents aged 12–17 years with 
laboratory-con�rmed COVID-19—COVID-NET, 14 states, 
March 1, 2020–April 24, 2021. MMWR Morb Mortal Wkly Rep. 
2021;70(23):851-857. https://doi.org/10.15585/mmwr.mm7023e1

280. Altarawneh H, Chemaitelly H, Tang P, Hasan MR, Qassim S, 
Ayoub HH, et al. Protection a�orded by prior infection against 
SARS-CoV-2 reinfection with the Omicron variant. MedRxiv. 
2022:2022-01. https://doi.org/10.1056/NEJMc2200133

281. Gazit S, Shlezinger R, Perez G, Lotan R, Peretz A, Ben-Tov A, et al. 
Comparing SARS-CoV-2 natural immunity to vaccine-induced 
immunity: reinfections versus breakthrough infections. MedRxiv. 2021. 
https://www.medrxiv.org/content/10.1101/2021.08.24.21262415v1

282. Coronavirus (COVID‐19) Infection Survey, characteristics of people testing 
positive for COVID‐19, UK: 17. O�ce of National Statistics. 2021. Available at 
https://www.ons.gov.uk/releases/coronaviruscovid19infectionsurvey
characteristicsofpeopletestingpositiveforcovid19uk17november2021

283. León TM. COVID-19 cases and hospitalizations by COVID-19 
vaccination status and previous COVID-19 diagnosis—California and 
New York, May–November 2021. MMWR Morb Mortal Wkly Rep. 
2022;71(4):125-131. http://dx.doi.org/10.15585/mmwr.mm7104e1

284. Pezzullo AM, Axfors C, Contopoulos-Ioannidis DG, Apostolatos 
A, Ioannidis JP. Age-strati�ed infection fatality rate of COVID-19 
in the non-elderly population. Environ Res. 2023;216:114655. 
https://doi.org/10.1016/j.envres.2022.114655

285. Baral S, Chandler R, Prieto RG, Gupta S, Mishra S, Kulldor� M. 
Leveraging epidemiological principles to evaluate Sweden’s 
COVID-19 response. Ann Epidemiol. 2020;54:21.      .         
https://doi.org/10.1016/j.annepidem.2020.11.005

286. Islam N, Shkolnikov VM, Acosta RJ, Klimkin I, Kawachi I, Irizarry 
RA, et al. Excess deaths associated with covid-19 pandemic in 
2020: age and sex disaggregated time series analysis in 29 high 
income countries. bmj. 2021;373:n1137.               .         
https://doi.org/10.1136/bmj.n1137

287. �ornley S, Morris AJ, Sundborn G, Bailey S. How fatal is 
COVID-19 compared with seasonal in�uenza? �e devil is in the 
detail. BMJ. 2020;371:m3883. 2020.

288. Turner JS, Kim W, Kalaidina E, Goss CW, Rauseo AM, Schmitz AJ, 
et al. SARS-CoV-2 infection induces long-lived bone marrow 
plasma cells in humans. Nature. 2021;595(7867):421-425. 
https://doi.org/10.1038/s41586-021-03647-4

289. Wang Z, Yang X, Zhong J, Zhou Y, Tang Z, Zhou H, et al. Exposure 
to SARS-CoV-2 generates T-cell memory in the absence of a 
detectable viral infection. Nat Commun. 2021;12(1):1724. 
https://doi.org/10.1038/s41467-021-22036-z

290. Reynolds CJ, Pade C, Gibbons JM, Otter AD, Lin KM, Muñoz 
Sandoval D, et al. Immune boosting by B. 1.1. 529 (Omicron) 
depends on previous SARS-CoV-2 exposure. Science. 
2022;377(6603) :eabq1841. https://doi.org/10.1126/science.abq1841

291. Patalon T, Saciuk Y, Perez G, Peretz A, Ben-Tov A, Gazit S. Dynamics 
of naturally acquired immunity against severe acute respiratory 
syndrome coronavirus 2 in children and adolescents. J Pediatr. 
2023;257:113371. https://doi.org/10.1016/j.jpeds.2023.02.016

292. Jeet Kaur R, Dutta S, Charan J, Bhardwaj P, Tandon A, Yadav D, et 
al. Cardiovascular adverse events reported from COVID-19 
vaccines: a study based on WHO database. Int J Gen Med. 
2021;3909-3927. https://doi.org/10.2147/IJGM.S324349

293. Oster ME, Shay DK, Su JR, Gee J, Creech CB, Broder KR, et al. 
Myocarditis cases reported a�er mRNA-based COVID-19 
vaccination in the US from December 2020 to August 2021. 
2022;327(4):331-340. https://doi.org/10.1001/jama.2021.24110

294. Shiravi AA, Ardekani A, Sheikhbahaei E, Heshmat-Ghahdarijani K. 
Cardiovascular complications of SARS-CoV-2 vaccines: an overview. 
Cardiol �er. 2022:1-9. https://doi.org/10.1007/s40119-021-00248-0

295. Bardosh K, Krug A, Jamrozik E, Lemmens T, Keshavjee S, Prasad V, et 
al. COVID-19 vaccine boosters for young adults: a risk bene�t 
assessment and ethical analysis of mandate policies at universities. J Med 
Ethics. 2024;50(2):126-138. https://doi.org/10.1136/jme-2022-108449

296. Wallace M, Rosenblum HG, Moulia DL, Broder KR, Shimabukuro 
TT, Taylor CA, et al. A summary of the Advisory Committee for 
Immunization Practices (ACIP) use of a bene�t-risk assessment 
framework during the �rst year of COVID-19 vaccine 
administration in the United States. Vaccine. 2023;41(44): 
6456-6467. https://doi.org/10.1016/j.vaccine.2023.07.037

297. Shiri T, Evans M, Talarico CA, Morgan AR, Mussad M, Buck PO, et al. �e 
population-wide risk-bene�t pro�le of extending the primary COVID-19 
vaccine course compared with an mRNA booster dose program. 
Vaccines. 2022;10(2):140. https://doi.org/10.3390/vaccines10020140

298. Block JP. Cardiac complications a�er SARS-CoV-2 infection and 
mRNA COVID-19 vaccination—PCORnet, United States, january 
2021–January 2022. MMWR Morb Mortal Wkly. 2022;71(14): 
517-523. http://dx.doi.org/10.15585/mmwr.mm7114e1

299. Wong HL, Hu M, Zhou CK, Lloyd PC, Amend KL, Beachler DC, et al. Risk 
of myocarditis and pericarditis a�er the COVID-19 mRNA vaccination in 
the USA: a cohort study in claims databases. �e Lancet. 2022; 
399(10342):2191-2199. https://doi.org/10.1016/S0140-6736(22)00791-7

300. Naveed Z, Li J, Wilton J, Spencer M, Naus M, Velásquez García 
HA, et al. Comparative risk of myocarditis/pericarditis following 
second doses of BNT162b2 and mRNA-1273 coronavirus 
vaccines. J Am Coll Cardiol. 2022;80(20):1900-1908. 
https://doi.org/10.1016/j.jacc.2022.08.799

301. Dickerman BA, Gerlovin H, Madenci AL, Kurgansky KE, Ferolito 
BR, Figueroa Muñiz MJ, et al. Comparative e�ectiveness of 
BNT162b2 and mRNA-1273 vaccines in US veterans. N Engl J Med. 
2022;386(2):105-115. https://doi.org/10.1056/NEJMoa2115463

302. Brisotto G, Montico M, Turetta M, Zanussi S, Cozzi MR, Vettori R, 
et al. Integration of Cellular and Humoral Immune Responses as 
an Immunomonitoring Tool for SARS-CoV-2 Vaccination in 
Healthy and Fragile Subjects. Viruses. 2023;15(6):1276. 
https://doi.org/10.3390/v15061276 

303. Debes AK, Xiao S, Colantuoni E, Egbert ER, Caturegli P, Gadala A, 
et al. Association of vaccine type and prior SARS-CoV-2 infection 
with symptoms and antibody measurements following vaccination 
among health care workers. JAMA Intern Med. 2021;181(12): 
1660-1662. https://doi.org/10.1001/jamainternmed.2021.4580

304. Kobashi Y, Shimazu Y, Kawamura T, Nishikawa Y, Omata F, Kaneko 
Y, et al. Factors associated with anti-severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) spike protein antibody 

correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

Clinical notes: In terms of management, early diagnosis, anti-in�ammatory treatments, and appropriate cardiac support can signi�cantly improve 
outcomes. Following the COVID-19 mRNA vaccines, it is conceivable that mRNA-induced myocarditis may overlap or interact with viral myocardi-
tis, as well as autoimmune and toxin-induced etiologies, all of which may in�uence the prognostic outlook.

Table 6. Potential sequelae of COVID-19 mRNA vaccine-related myocarditis.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Short-term Sequelae
Heart Failure (Acute or 
Fulminant)

Severe in�ammation and myocardial injury can cause a sudden decline in the heart’s ability to pump blood 
e�ectively. Symptoms include sudden severe apnea, chest pain or fainting.

Arrhythmias Myocarditis can disrupt the electrical conduction system and cause various arrhythmias: ventricular tachycardia 
or �brillation (life-threatening); atrial �brillation or �utter; and heart block (�rst-degree to complete).

Cardiogenic Shock �is severe reduction in cardiac output can result in systemic hypoperfusion and organ failure.

�romboembolic Events In�ammation and impaired myocardial contractility can increase the risk of intracardiac thrombus formation, 
leading to stroke or pulmonary embolism.

Pericarditis and 
Pericardial E�usion

Myocarditis can be associated with concurrent in�ammation of the pericardium, potentially leading to 
tamponade.

Long-term Sequelae
Dilated Cardiomyopathy Persistent myocardial damage and scarring can lead to ventricular dilation and systolic dysfunction.
Chronic Heart Failure Progressive decline in cardiac function due to ongoing myocardial remodeling and �brosis.
Persistent Arrhythmias Scarring and electrical instability can result in chronic arrhythmias, increasing the risk of sudden cardiac death.

Sudden Cardiac Arrest Due to ventricular arrhythmias or signi�cant pump failure.
Chronic �romboembolic 
Risk

Especially in patients with reduced ejection fraction or atrial �brillation.

Restrictive 
Cardiomyopathy

In rare cases, severe �brosis may lead to a sti�ened myocardium, impairing diastolic �lling.

Post-Myocarditis 
Syndrome

Persistent chest pain, fatigue, and functional limitations due to incomplete resolution of in�ammation or scar 
formation.

Autoimmune Cardiac 
Disorders

Myocarditis can sometimes trigger chronic autoimmune processes, further damaging cardiac tissue.
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
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myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
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susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
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 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.

Disclosure statement 
�e authors declare that they have no competing interests.

References
1. Perkins D, Wilkins R, Kerr R, Greiner B, Hartwell M. Public interest 

in myocarditis during the sars-CoV-2 pandemic. Disaster Med Public 
Health Prep. 2023;17:e349. https://doi.org/10.1017/dmp.2022.307

2. Sularz AK, Hua A, Ismail T. SARS-CoV-2 vaccines and myocarditis. Clin 
Med. 2023;23(5):495-502. https://doi.org/10.7861/clinmed.2023-0049 

3. Liao YF, Tseng WC, Wang JK, Chen YS, Chen CA, Lin MT, et al. 
Management of cardiovascular symptoms a�er P�zer-BioNTech 
COVID-19 vaccine in teenagers in the emergency department. J 
Formos Med Assoc. 2023;122(8):699-706.              .               
.https://doi.org/10.1016/j.jfma.2022.12.004 

4. Rosner CM, Genovese L, Tehrani BN, Atkins M, Bakhshi H, 
Chaudhri S, et al. Myocarditis temporally associated with 
COVID-19 vaccination. Circulation. 2021;144(6):502-505.      .         
https://doi.org/10.1161/CIRCULATIONAHA.121.055891 

5. Caforio AL, Pankuweit S, Arbustini E, Basso C, Gimeno-Blanes J, 
Felix SB, et al. Current state of knowledge on aetiology, diagnosis, 
management, and therapy of myocarditis: a position statement of 
the European Society of Cardiology Working Group on 
Myocardial and Pericardial Diseases. Eur Heart J. 2013;34(33): 
2636-2648. https://doi.org/10.1093/eurheartj/eht210 

6. Berg J, Kottwitz J, Baltensperger N, Kissel CK, Lovrinovic M, 
Mehra T, et al. Cardiac magnetic resonance imaging in 
myocarditis reveals persistent disease activity despite 
normalization of cardiac enzymes and in�ammatory parameters 
at 3-month follow-up. Circ Heart Fail. 2017;10(11):e004262. 
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004262 

7. Lurz P, Eitel I, Klieme B, Luecke C, De Waha S, Desch S, et al. �e 
potential additional diagnostic value of assessing for pericardial 
e�usion on cardiac magnetic resonance imaging in patients with 
suspected myocarditis. Eur Heart J Cardiovasc Imaging. 2014;15 
(6):643-650. https://doi.org/10.1093/ehjci/jet267 

8. Spotts PH, Zhou F. Myocarditis and Pericarditis. Prim Care. 
2023;51(1):111-124. https://doi.org/10.1016/j.pop.2023.07.006 

9. Sagar S, Liu PP, Cooper LT. Myocarditis. Lancet. 2012;379(9817): 
738-747. https://doi.org/10.1016/S0140-6736(11)60648-X 

10. Su JR, McNeil MM, Welsh KJ, Marquez PL, Ng C, Yan M, et al. 
Myopericarditis a�er vaccination, vaccine adverse event reporting 
system (VAERS), 1990–2018. Vaccine. 2021;39(5):839-845. 
https://doi.org/10.1016/j.vaccine.2020.12.046

11. Cosentino M, Marino F. Understanding the pharmacology of 
COVID-19 mRNA vaccines: playing dice with the spike? Int J Mol 
Sci. 2022;23(18):10881. https://doi.org/10.3390/ijms231810881 

12. Fazlollahi A, Zahmatyar M, Noori M, Nejadghaderi SA, Sullman 
MJ, Shekarriz‐Foumani R, et al. Cardiac complications following 
mRNA COVID‐19 vaccines: A systematic review of case reports 
and case series. Rev Med Virol. 2022;32(4):e2318.      .         
https://doi.org/10.1002/rmv.2318 

13. Li YE, Wang S, Reiter RJ, Ren J. Clinical cardiovascular 
emergencies and the cellular basis of COVID-19 vaccination: from 
dream to reality?. Int J Infect Dis. 2022;124:1-10.      .         
https://doi.org/10.1016/j.ijid.2022.08.026 

14. Karlstad Ø, Hovi P, Husby A, Härkänen T, Selmer RM, Pihlström 
N, et al. SARS-CoV-2 vaccination and myocarditis in a Nordic 
cohort study of 23 million residents. JAMA Cardiol.  2022;7(6): 
600-612. https://doi.org/10.1001/jamacardio.2022.0583

15. Gao J, Feng L, Li Y, Lowe S, Guo Z, Bentley R, et al. A systematic 
review and meta-analysis of the association between SARS-CoV-2 
vaccination and myocarditis or pericarditis. Am J Prev Med. 
2023;64(2):275-284. https://doi.org/10.1016/j.amepre.2022.09.002

16. Yasmin F, Najeeb H, Naeem U, Moeed A, Atif AR, Asghar MS, et 
al. Adverse events following COVID‐19 mRNA vaccines: A 
systematic review of cardiovascular complication, thrombosis, and 
thrombocytopenia. Immun In�amm Dis. 2023;11(3):e807. 
https://doi.org/10.1002/iid3.807 

17. Ilonze OJ, Guglin ME. Myocarditis following COVID-19 
vaccination in adolescents and adults: a cumulative experience of 
2021. Heart Fail Rev. 2022;27(6):2033-2043.                 .         
https://doi.org/10.1007/s10741-022-10243-9

18. Costa C, Moniati F. �e Epidemiology of COVID‐19 
Vaccine‐Induced Myocarditis. Adv Med. 2024;2024(1):4470326. 
https://doi.org/10.1155/2024/4470326 

19. Jung SW, Jeon JJ, Kim YH, Choe SJ, Lee S. Long-term risk of 
autoimmune diseases a�er mRNA-based SARS-CoV2 vaccination in 
a Korean, nationwide, population-based cohort study. Nat Commun. 
2024;15(1):6181. https://doi.org/10.1038/s41467-024-50656-8 

20. Yun C, Lee Y, Heo SJ, Kim N, Jung I. �e impact of COVID-19 status 
and vaccine type following the �rst dose on acute heart disease: A 

nationwide retrospective cohort study in South Korea. Epidemiol 
Infect. 2024;152:e134. https://doi.org/10.1017/S0950268824001213

21. Montgomery J, Ryan M, Engler R, Ho�man D, McClenathan B, 
Collins L, et al. Myocarditis Following Immunization With mRNA 
COVID-19 Vaccines in Members of the US Military. JAMA Cardiol. 
2021;6(10):1202-1206. http://doi.org/10.1001/jamacardio.2021.2833 

22. Puntmann VO, Carerj ML, Wieters I, Fahim M, Arendt C, 
Ho�mann J, et al. Outcomes of Cardiovascular Magnetic Resonance 
Imaging in Patients Recently Recovered From Coronavirus Disease 
2019 (COVID-19). JAMA Cardiol. 2020;5(11):1265-1273. 
http://doi.org/10.1001/jamacardio.2020.3557 

23. Tersalvi G, Vicenzi M, Calabretta D, Biasco L, Pedrazzini G, 
Winterton D. Elevated Troponin in Patients With Coronavirus 
Disease 2019: Possible Mechanisms. J Card Fail. 2020;26(6): 
470-475. https://doi.org/10.1016/j.cardfail.2020.04.009 

24. Nascimento JH, Gomes BF, Oliveira GM. Cardiac troponin as a 
predictor of myocardial injury and mortality from COVID-19. Arq 
Bras Cardiol. 2020;115:667-668. https://doi.org/10.36660/abc.20200862 

25. Ucar FM, Ozturk C, Yılmaztepe MA. Evaluation of Tp-e interval, 
Tp-e/QT ratio and Tp-e/QTc ratio in patients with acute 
myocarditis. BMC Cardiovasc Disord. 2019;19(1):232.      .         
https://doi.org/10.1186/s12872-019-1207-z 

26. Pillay J, Gaudet L, Wingert A, Bialy L, Mackie AS, Paterson DI, et 
al. Incidence, risk factors, natural history, and hypothesised 
mechanisms of myocarditis and pericarditis following covid-19 
vaccination: living evidence syntheses and review. BMJ. 
2022;378:e069445. https://doi.org/10.1136/bmj-2021-069445 

27. Chapin-Bardales J, Myers T, Gee J, Shay DK, Marquez P, Baggs J, et al. 
Reactogenicity within 2 weeks a�er mRNA COVID-19 vaccines: 
Findings from the CDC v-safe surveillance system. Vaccine. 
2021;39(48):7066-7073. https://doi.org/10.1016/j.vaccine.2021.10.019 

28. Cumulative and Interval Summary Tabulation of Serious and Non-Serious 
Adverse Reactions from Post-Marketing Data Sources. P�zer. 2022:1-393. 
https://www.globalresearch.ca/wp-content/uploads/2023/05/p�zer-report.pdf 

29. Comirnaty. European Medicines Agency . Amsterdam, �e 
Netherlands. 2023. Available on:                     .         
https://www.ema.europa.eu/en/medicines/human/EPAR/comirnaty 

30. Making medicines and medical devices safer. Yellow Card. 2024. 
Available on: https://yellowcard.mhra.gov.uk/information 

31. Yan MM, Zhao H, Li ZR, Chow JW, Zhang Q, Qi YP, et al. Serious 
adverse reaction associated with the COVID-19 vaccines of 
BNT162b2, Ad26. COV2. S, and mRNA-1273: gaining insight 
through the VAERS. Front Pharmacol. 2022;13:921760. 
https://doi.org/10.3389/fphar.2022.921760 

32. Shabu A, Nishtala PS. Analysis of the adverse events following the 
mRNA-1273 COVID-19 vaccine. Expert Rev Vaccines. 2023; 
22(1):801-812. https://doi.org/10.1080/14760584.2023.2260477 

33. Glover C, Deng L, Larter C, Brogan C, Richardson O, Huang YA, 
et al. Surveillance of adverse events following immunisation in 
Australia, COVID-19 vaccines, 2021. Commun Dis Intell. 
2024;48:38926650. https://doi.org/10.33321/cdi.2024.48.2 

34. Kim DH, Kim JH, Oh IS, Choe YJ, Choe SA, Shin JY. Adverse 
Events Following COVID-19 Vaccination in Adolescents: Insights 
from Pharmacovigilance Study of VigiBase. J Korean Med Sci. 
2024;39(8):e76. https://doi.org/10.3346/jkms.2024.39.e76 

35. Montano D. Frequency and Associations of Adverse Reactions of 
COVID-19 Vaccines Reported to Pharmacovigilance Systems in 
the European Union and the United States. Front Public Health. 
2022;9:756633. https://doi.org/10.3389/fpubh.2021.756633

36. Vidal-Perez R, Brandão M, Pazdernik M, Kresoja KP, Carpenito 
M, Maeda S, et al. Cardiovascular disease and COVID-19, a deadly 
combination: A review about direct and indirect impact of a 
pandemic. World J Clin Cases. 2022;10(27):9556-9572.       .        
https://doi.org/10.12998/wjcc.v10.i27.9556 

37. Faksova K, Walsh D, Jiang Y, Gri�n J, Phillips A, Gentile A, et al. 
COVID-19 vaccines and adverse events of special interest: A 
multinational Global Vaccine Data Network (GVDN) cohort 

study of 99 million vaccinated individuals. Vaccine. 2024;42(9): 
2200-2211. https://doi.org/10.1016/j.vaccine.2024.01.100

38. COVID-19 VaST Work Group Report – May 17, 2021. National Center for 
Immunization and Respiratory Diseases. 2021. Available on: 
https://archive.cdc.gov/www_cdc_gov/vaccines/acip/work-groups-vast/r
eport-2021-05-17.html

39. Gargano JW, Wallace M, Hadler SC, Langley G, Su JR, Oster ME, 
et al. Use of mRNA COVID-19 Vaccine A�er Reports of 
Myocarditis Among Vaccine Recipients: Update from the 
Advisory Committee on Immunization Practices - United States, 
June 2021. MMWR Morb Mortal Wkly Rep. 2021;70(27):977-982. 
http://dx.doi.org/10.15585/mmwr.mm7027e2

40. Sun CLF, Ja�e E, Levi R. Increased emergency cardiovascular 
events among under-40 population in Israel during vaccine rollout 
and third COVID-19 wave. Sci Rep. 2022;12(1):6978. 
https://doi.org/10.1038/s41598-022-10928-z

41. Klein NP, Lewis N, Goddard K, Fireman B, Zerbo O, Hanson KE, et al. 
Surveillance for adverse events a�er COVID-19 mRNA vaccination. Jama. 
2021;326(14):1390-1399. http://dx.doi.org/10.1001/jama.2021.15072 

42. Hu M, Wong HL, Feng Y, Lloyd PC, Smith ER, Amend KL, et al. 
Safety of the BNT162b2 COVID-19 Vaccine in Children Aged 5 to 
17 Years. JAMA Pediatr. 2023;177(7):710-717.                  .         
http://dx.doi.org/10.1001/jamapediatrics.2023.1440 

43. Weiss SR. Myocarditis Cases A�er mRNA-Based COVID-19 
Vaccination in the US. JAMA. 2022;327(20):2019-2020.      .         
http://dx.doi.org/10.1001/jama.2022.5131

44. Old�eld PR, Gutschi M, McCullough PA, Speicher DJ. BioNTech’s 
COVID-19 modRNA Vaccines: Dangerous genetic mechanism of 
action released before su�cient preclinical testing. Journal of 
American Physicians and Surgeons. 2024;29(4):118-126.

45. Wiseman D, Guetzkow J, Seligmann H, Franzcog F. Booster Doses 
for P�zer-BioNtech Vaccine. Vaccines and Related Biological 
Products Advisory Committee. 2021. Available on: 
�le:///C:/Users/ADMIN/Downloads/FDA-2021-N-0965-0016_att
achment_1%20(1).pdf 

46. Hromić-Jahjefendić A, Sezer A, Aljabali AAA, Serrano-Aroca Á, 
Tambuwala MM, Uversky VN, et al. COVID-19 Vaccines and 
Myocarditis: An Overview of Current Evidence. Biomedicines. 
2023;11(5):1469. https://doi.org/10.3390/biomedicines11051469 

47. Rose J, Hulscher N, McCullough PA. Determinants of COVID-19 
vaccine-induced myocarditis. �er Adv Drug Saf. 2024;15: 
20420986241226566. https://doi.org/10.1177/20420986241226566 

48. Lee CW, Sa S, Hong M, Kim J, Shim SR, Han HW. Adverse Events 
and Safety Pro�le of the COVID-19 Vaccines in Adolescents: Safety 
Monitoring for Adverse Events Using Real-World Data. Vaccines. 
2022;10(5):744. https://doi.org/10.3390/vaccines10050744 

49. Jeon H-E, Lee S, Lee J, Roh G, Park H-J, Lee Y-S, et al. SARS-CoV2 
mRNA vaccine intravenous administration induces myocarditis in 
chronic in�ammation. PLoS ONE. 2024; 19(10): e0311726. 
https://doi.org/10.1371/journal.pone.0311726 

50. Awaya T, Hara H, Moroi M. Cytokine Storms and Anaphylaxis 
Following COVID-19 mRNA-LNP Vaccination: Mechanisms and 
�erapeutic Approaches. Diseases. 2024;12(10):231.      .         
https://doi.org/10.3390/diseases12100231 

51. Kosto� RN, Kanduc D, Porter AL, Shoenfeld Y, Calina D, Briggs 
MB, et al. Vaccine- and natural infection-induced mechanisms 
that could modulate vaccine safety. Toxicol Rep. 2020;7: 
1448-1458. https://doi.org/10.1016/j.toxrep.2020.10.016 

52. Diaconu R, Mirea O, Bălşeanu TA. Testosterone, cardiomyopathies, 
and heart failure: a narrative review. Asian J Androl. 
2021;23(4):348-356. https://doi.org/10.4103/aja.aja_80_20 

53. Miličić Stanić B, Maddox S, de Souza AMA, Wu X, Mehranfard D, 
Ji H, et al. Male bias in ACE2 basic science research: missed 
opportunity for discovery in the time of COVID-19. Am J Physiol 
Regul Integr Comp Physiol. 2021;320(6):R925-R937.      .         
https://doi.org/10.1152/ajpregu.00356.2020 

54. Fairweather D, Beetler DJ, Musigk N, Heidecker B, Lyle MA, 

Cooper LT Jr, et al. Sex and gender di�erences in myocarditis and 
dilated cardiomyopathy: An update. Front Cardiovasc Med. 
2023;10:1129348. https://doi.org/10.3389/fcvm.2023.1129348

55. Waqar A, Jain A, Joseph C, Srivastava K, Ochuba O, Alkayyali T, et 
al. Cardioprotective Role of Estrogen in Takotsubo Cardiomyopathy. 
Cureus. 2022;14(3):e22845. https://doi.org/10.7759/cureus.22845 

56. Akhtar SM, Gazzaz ZJ, Baig M, Majeed R, Hashmi AA. 
Association Between P�zer COVID-19 Vaccine Adverse E�ects 
and Diabetes Mellitus: A Prospective Multicenter Study. Cureus. 
2023;15(11):e48263. https://doi.org/10.7759/cureus.48263

57. Sutardi AQI, Ramatillah DL. Evaluation comparison between 
Sinovac and P�zer vaccine among indonesian children and 
teenagers under 18 years old. Int J Appl Pharm. 2022;14(2):22–30. 
https://dx.doi.org/10.22159/ijap.2022.v14s2.44745 

58. Piernas C, Patone M, Astbury NM, Gao M, Sheikh A, Khunti K, et al. 
Associations of BMI with COVID-19 vaccine uptake, vaccine 
e�ectiveness, and risk of severe COVID-19 outcomes a�er vaccination in 
England: a population-based cohort study. Lancet Diabetes Endocrinol. 
2022;10(8):571-580. https://doi.org/10.1016/S2213-8587(22)00158-9 

59. Ouaddouh C, Duijster JW, Lieber T, van Hunsel FP. �e role of 
co-morbidities in the development of an AEFI a�er COVID-19 
vaccination in a large prospective cohort with patient-reported 
outcomes in the Netherlands. Expert Opin Drug Saf. 2024;23 
(3):323-331. https://doi.org/10.1080/14740338.2023.2267971 

60. Bianchi FP, Rizzi D, Daleno A, Stefanizzi P, Migliore G, Tafuri S. 
Assessing the temporal and cause-e�ect relationship between 
myocarditis and mRNA COVID-19 vaccines. A retrospective 
observational study. Int J Infect Dis. 2024;141:106960.       .        
https://doi.org/10.1016/j.ijid.2024.02.003 

61. John NA, John J, Kamble P, Singhal A, Daulatabad V, Vamshidhar 
IS. COVID 19 vaccine in patients of hypercoagulable disorders: a 
clinical perspective. Horm Mol Biol Clin Investig. 
2021;43(1):89-96. https://doi.org/10.1515/hmbci-2021-0037 

62. Heil M. Self-DNA driven in�ammation in COVID-19 and a�er 
mRNA-based vaccination: lessons for non- COVID-19 
pathologies. Front Immunol. 2024;14:1259879.      .         
https://doi.org/10.3389/�mmu.2023.1259879 

63. Wu B, Ni H, Li J, Zhuang X, Zhang J, Qi Z, et al. �e Impact of 
Circulating Mitochondrial DNA on Cardiomyocyte Apoptosis and 
Myocardial Injury A�er TLR4 Activation in Experimental 
Autoimmune Myocarditis. Cell Physiol Biochem. 2017;42(2): 
713-728. https://doi.org/10.1159/000477889

64. Ittiwut C, Mahasirimongkol S, Srisont S, Ittiwut R, Chockjamsai 
M, Durongkadech P, et al. Genetic basis of sudden death a�er 
COVID-19 vaccination in �ailand. Heart Rhythm. 2022; 19: 
1874-1879. https://doi.org/10.1016/j.hrthm.2022.07.019 

65. She CH, Tsang HW, Yang X, Tsao SS, Tang CS, Chan SH, et al. 
Genome- wide association study of BNT162b2 vaccine-related 
myocarditis identi�es potential predisposing functional areas in 
Hong Kong adolescents. BMC Genom Data. 2024;25(1):51. 
https://doi.org/10.1186/s12863-024-01238-6 

66. Chen DP, Wen YH, Lin WT, Hsu FP. Association between the side 
e�ect induced by COVID-19 vaccines and the immune regulatory 
gene polymorphism. Front Immunol. 2022;13:941497. 
https://doi.org/10.3389/�mmu.2022.941497 

67. Bolze A, Mogensen TH, Zhang SY, Abel L, Andreakos E, Arkin LM, 
et al. Decoding the Human Genetic and Immunological Basis of 
COVID-19 mRNA Vaccine-Induced Myocarditis. J Clin Immunol. 
2022;42(7):1354-1359. https://doi.org/10.1007/s10875-022-01372-9

68. Patone M, Mei XW, Handunnetthi L, Dixon S, Zaccardi F, Shankar-Hari M, 
et al. Risk of myocarditis a�er sequential doses of COVID-19 vaccine and 
SARS-CoV-2 infection by age and sex. Circulation. 2022;146(10):743-754. 
https://doi.org/10.1161/CIRCULATIONAHA.122.059970

69. Buchan SA, Seo CY, Johnson C, Alley S, Kwong JC, Nasreen S, et al. 
Epidemiology of myocarditis and pericarditis following mRNA 
vaccination by vaccine product, schedule, and interdose interval among 
adolescents and adults in Ontario, Canada. JAMA Netw Open. 2022; 

5(6):e2218505. https://doi.org/10.1001/jamanetworkopen.2022.18505
70. Shar� KA, Dancoes DM, Longueil JL, Johnson ES, Lewis PF. Risk 

of myopericarditis following COVID‐19 mRNA vaccination in a 
large integrated health system: a comparison of completeness and 
timeliness of two methods. Pharmacoepidemiol Drug Saf. 
2022;31(8):921-925. https://doi.org/10.1002/pds.5439 

71. Stowe J, Miller E, Andrews N, Whitaker HJ. Risk of myocarditis and 
pericarditis a�er a COVID-19 mRNA vaccine booster and a�er 
COVID-19 in those with and without prior SARS-CoV-2 infection: 
A self-controlled case series analysis in England. PLoS Med. 2023; 
20(6):e1004245. https://doi.org/10.1371/journal.pmed.1004245

72. Li X, Lai FT, Chua GT, Kwan MY, Lau YL, Ip P, et al. Myocarditis 
following COVID-19 BNT162b2 vaccination among adolescents 
in Hong Kong. JAMA Pediatr. 2022;176(6):612-614. 
https://doi.org/10.1001/jamapediatrics.2022.0101

73. Chua GT, Kwan MYW, Chui CSL, Smith RD, Cheung ECL, Ma T, 
et al. Epidemiology of Acute Myocarditis/Pericarditis in Hong 
Kong Adolescents Following Comirnaty Vaccination. Clin Infect 
Dis. 2022;75(4):673-681. https://doi.org/10.1093/cid/ciab989 

74. Krug A, Stevenson J, Høeg TB. BNT162b2 Vaccine-Associated 
Myo/Pericarditis in Adolescents: A Strati�ed Risk-Bene�t Analysis. Eur 
J Clin Invest. 2022;52(5):e13759.    https://doi.org/10.1111/eci.13759 

75. Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, et al. 
Myocarditis a�er Covid-19 Vaccination in a Large Health Care 
Organization. N Engl J Med. 2021;385(23):2132-2139.       .  
https://doi.org/10.1056/NEJMoa2110737

76. Nygaard U, Holm M, Bohnstedt C, Chai Q, Schmidt LS, Hartling UB, 
et al. Population- based Incidence of Myopericarditis A�er COVID-19 
Vaccination in Danish Adolescents. Pediatr Infect Dis J. 
2022;41(1):e25-e28. https://doi.org/10.1097/INF.0000000000003389 

77. Mevorach D, Anis E, Cedar N, Bromberg M, Haas EJ, Nadir E, et 
al. Myocarditis a�er BNT162b2 mRNA vaccine against Covid-19 
in Israel. N Engl J Med. 2021;385(23):2140-2149.      .         
https://doi.org/10.1056/NEJMoa2109730

78. Foltran D, Delmas C, Flumian C, De Paoli P, Salvo F, Gautier S, et al. 
Myocarditis and pericarditis in adolescents a�er �rst and second doses 
of mRNA COVID-19 vaccines. Eur Heart J Qual Care Clin Outcomes. 
2022;8(2):99-103. https://doi.org/10.1093/ehjqcco/qcab090

79. Munro APS, Feng S, Janani L, Cornelius V, Aley PK, Babbage G, et al.; 
COV-BOOST study group. Safety, immunogenicity, and reactogenicity of 
BNT162b2 and mRNA-1273 COVID-19 vaccines given as fourth-dose 
boosters following two doses of ChAdOx1 nCoV-19 or BNT162b2 and a 
third dose of BNT162b2 (COV-BOOST): a multicentre, blinded, phase 2, 
randomised trial. Lancet Infect Dis. 2022;22(8):1131-1141. 
https://doi.org/10.1016/S1473-3099(22)00271-7

80. Uversky VN, Redwan EM, Makis W, Rubio-Casillas A. IgG4 
Antibodies Induced by Repeated Vaccination May Generate 
Immune Tolerance to the SARS-CoV-2 Spike Protein. Vaccines. 
2023;11(5):991. https://doi.org/10.3390/vaccines11050991 

81. Irrgang P, Gerling J, Kocher K, Lapuente D, Steininger P, Habenicht K, et 
al. Class switch toward nonin�ammatory, spike- speci�c IgG4 antibodies 
a�er repeated SARS-CoV-2 mRNA vaccination. Sci Immunol. 
2023;8(79):eade2798. https://doi.org/10.1126/sciimmunol.ade2798

82. Collier JL, Weiss SA, Pauken KE, Sen DR, Sharpe AH. 
Not-so-opposite ends of the spectrum: CD8+ T cell dysfunction 
across chronic infection, cancer and autoimmunity. Nat Immunol. 
2021;22(7):809-819. https://doi.org/10.1038/s41590-021-00949-7 

83. Liu J, Wang J, Xu J, Xia H, Wang Y, Zhang C, et al. Comprehensive 
investigations revealed consistent pathophysiological alterations 
a�er vaccination with COVID-19 vaccines. Cell Discov. 
2021;7(1):99. https://doi.org/10.1038/s41421-021-00329-3 

84. Ouranidis A, Vavilis T, Mandala E, Davidopoulou C, Stamoula E, 
Markopoulou CK, et al. mRNA �erapeutic Modalities Design, 
Formulation and Manufacturing under Pharma 4.0 Principles. Biomed. 
2021;10(1):50. https://doi.org/10.3390/biomedicines10010050 

85. Milano G, Gal J, Creisson A, Chamorey E. Myocarditis and COVID-19 
mRNA vaccines: a mechanistic hypothesis involving dsRNA. Future 

Virol. 2022;17(3):191-196. https://doi.org/10.2217/fvl-2021-0280 
86. Bourdon PS, Duriseti R, Gromoll HC, Dalton DK, Bardosh K, Krug 

AE. A Reanalysis of the FDA's Bene�t-Risk Assessment of Moderna's 
mRNA-1273 COVID Vaccine: For 18-25-Year-Old Males, Risks 
Exceeded Bene�ts Relative to Hospitalizations. arXiv preprint 
arXiv:2410.11811. 2024. https://doi.org/10.48550/arXiv.2410.11811 

87. Tan LJ, Koh CP, Lai SK, Poh WC, Othman MS, Hussin H. A 
systemic review and recommendation for an autopsy approach to 
death followed the COVID 19 vaccination. Forensic Sci Int. 
2022;340:111469. https://doi.org/10.1016/j.forsciint.2022.111469  

88. Foltran D, Sokolski M. Myocarditis Associated with COVID-19 Vaccination. 
Vaccines. 2024;12(10):1193. https://doi.org/10.3390/vaccines12101193 

89. Tinari S. �e EMA COVID-19 data leak, and what it tells us about mRNA 
instability. BMJ. 2021;372:n627. https://doi.org/10.1136/bmj.n627 

90. COVID-19 Vaccine Moderna. Committee for Medicinal Products 
for Human Use. European Medicines Agency. 2021. 
https://www.ema.europa.eu/en/documents/assessment-report/spi
kevax-previously-covid-19-vaccine-moderna-epar-public-assess
ment-report_en.pdf 

91. Comirnaty (COVID-19 mRNA Vaccine). European Medicines Agency. 2024:1-5. 
https://www.ema.europa.eu/en/documents/overview/comirnaty-epar-medicine-ov
erview_en.pdf 

92. Rosa SS, Prazeres DM, Azevedo AM, Marques MP. mRNA vaccines 
manufacturing: Challenges and bottlenecks. Vaccine. 2021;39 
(16):2190-2200. https://doi.org/10.1016/j.vaccine.2021.03.038 

93. Luo D, Wu Z, Wang D, Zhang J, Shao F, Wang S, et al. Lateral �ow 
immunoassay for rapid and sensitive detection of dsRNA contaminants 
in in vitro-transcribed mRNA products. Mol �er Nucleic Acids. 
2023;32:445-453. https://doi.org/10.1016/j.omtn.2023.04.005

94. Sene� S, Nigh G, Kyriakopoulos AM, McCullough PA. Innate 
immune suppression by SARS-CoV-2 mRNA vaccinations: �e role 
of G-quadruplexes, exosomes, and MicroRNAs. Food Chem 
Toxicol. 2022 ;164:113008. https://doi.org/10.1016/j.fct.2022.113008 

95. Li C, Lee A, Grigoryan L, Arunachalam PS, Scott MK, Trisal M, et 
al. Mechanisms of innate and adaptive immunity to the 
P�zer-BioNTech BNT162b2 vaccine. Nat Immunol. 
2022;23(4):543-555. https://doi.org/10.1038/s41590-022-01163-9  

96. Yu YB, Taraban MB, Briggs KT. All vials are not the same: potential 
role of vaccine quality in vaccine adverse reactions. Vaccine. 
2021;39(45):6565-6569. https://doi.org/10.1016/j.vaccine.2021.09.065 

97. Schmeling M, Manniche V, Hansen PR. Batch-dependent safety of 
the BNT162b2 mRNA COVID-19 vaccine. Eur J Clin Invest. 
2023;53(8):e13998. https://doi.org/10.1111/eci.13998 

98. Speicher DJ, Rose J, Gutschi LM, McKernan K. DNA fragments 
detected in monovalent and bivalent P�zer/BioNTech and 
Moderna modRNA COVID-19 vaccines from Ontario, Canada: 
Exploratory dose response relationship with serious adverse 
events. 2023. https://doi.org/10.31219/osf.io/mjc97

99. McKernan K, Helbert Y, Kane LT, McLaughlin S. Sequencing of 
bivalent Moderna and P�zer mRNA vaccines reveals nanogram to 
microgram quantities of expression vector dsDNA per dose. 2023. 
https://doi.org/10.31219/osf.io/b9t7 

100. Classen B. US COVID-19 vaccines proven to cause more harm 
than good based on pivotal clinical trial data analyzed using the 
proper scienti�c endpoint,“all cause severe morbidity”. Trends Int 
Med. 2021; 1 (1): 1-6. Available at:                        .         
https://healthyandfree.us/wp-content/uploads/2022/01/U.S.-Covi
d-19-Jabs-Proven-to-Cause-More-Harm-than-Good.pdf

101. Mead MN, Sene� S, Wol�nger R, Rose J, Denhaerynck K, Kirsch S, 
et al. COVID-19 modi�ed mRNA “vaccines”: Lessons learned 
from clinical trials, mass vaccination, and the bio-pharmaceutical 
complex, Part 1.  Int. J. Vaccine �eory Pract. Res. 2024;3(2):1112- 
1178. https://doi.org/10.56098/fdrasy50 

102. Benn CS, Schaltz-Buchholzer F, Nielsen S, Netea MG, Aaby P. 
Randomized clinical trials of COVID-19 vaccines: Do 
adenovirus-vector vaccines have bene�cial non-speci�c e�ects? 
Iscience. 2023;26(5):106733. https://doi.org/10.1016/j.isci.2023.106733 

103. Fraiman J, Erviti J, Jones M, Greenland S, Whelan P, Kaplan RM, et al. 
Serious adverse events of special interest following mRNA COVID-19 
vaccination in randomized trials in adults. Vaccine. 2022; 
40(40):5798-5805. https://doi.org/10.1016/j.vaccine.2022.08.036

104. Michels C, Perrier D, Kunadhasan J, Clark E, Gehrett J, Gehrett B, et 
al. Forensic analysis of the 38 subject deaths in the 6-month interim 
report of the P�zer/BioNTech BNT162b2 mRNA vaccine clinical 
trial. 2023:1-20. https://doi.org/10.20944/preprints202309.0131.v1 

105. Bergman F. P�zer caught hiding sudden deaths during Covid 
‘Vaccine’ trials. Substack. Dr. William Makis. 2024. Available at: 
https://substack.com/home/post/p-153921294

106. �omas SJ, Moreira Jr ED, Kitchin N, Absalon J, Gurtman A, 
Lockhart S, et al. Safety and e�cacy of the BNT162b2 mRNA 
Covid-19 vaccine through 6 months. N Engl J Med. 2021;385(19): 
1761-1773. https://doi.org/10.1056/NEJMoa2110345 

107. P�zer. Summary of clinical safety. New York, NY. 2021.Available at: 
https://phmpt.org/wp-content/uploads/2021/12/STN-125742_0_0
-Section-2.7.4-summary-clin-safety.pdf

108. P�zer. Periodic safety update report #3 for active substance: 
COVID-19 modmRNA vaccine, BNT162b2. BioNTech 
Manufacturing GmbH, Mainz, Germany. 2022. Available at: 
https://tkp.at/wp-content/uploads/2023/03/3.PSUR-1.pdf

109. Horowitz D. Con�dential P�zer document shows the company 
observed 1.6 million adverse events covering nearly every organ 
system. 2023. Available at:                        .         
https://www.globalresearch.ca/con�dential-p�zer-document-sho
ws-company-observed-1-6-million-adverse-events-covering-near
ly-every-organ-system/5823115

110. �e WarRoom DailyClout P�zer Documents Analysts. �e P�zer 
Papers: P�zer’s Crimes against Humanity. 2024:35.

111. P�zer. Pharmacovigilance Plan for Biologic License Application 
#125742 Of Covid-19 mRNA vaccine (nucleoside modi�ed) 
(BNT162b2, PF-07302048). Available at:        .         
https://phmpt.org/wp-content/uploads/2023/01/125742_S21_M1
_pharmacovigilance-plan.pdf 

112. Gehrett B, Gehrett J, Flowers C, Britt L. Report 53: 77% of 
Cardiovascular Adverse Events from P�zer’s mRNA COVID Shot 
Occurred in Women, as Well as in People Under Age 65. Two 
Minors Su�ered Cardiac Events. 2024:35. Available at: 
https://dailyclout.io/report-53-cardiovascular-adverse-events/  

113. Kuhbandner C, Reitzner M. Estimation of excess mortality in 
Germany during 2020-2022. Cureus. 2023;15(5): e39371. 
https://doi.org/10.7759/cureus.39371 

114. Aarstad J, Kvitastein OA. Is there a link between the 2021 
COVID-19 vaccination uptake in Europe and 2022 excess 
all-cause mortality? Asian Pac J Health Sci. 2023;10(1):25-31. 
http://dx.doi.org/10.21276/apjhs.2023.10.1.6 

115. Economidou EC, Soteriades ES. Excess mortality in Cyprus during 
the COVID-19 vaccination campaign. Vaccine. 2024;42(15):3375- 
3376. https://doi.org/10.1016/j.vaccine.2023.11.028

116. Raknes G, Fagerås SJ, Sveen KA, Júlíusson PB, Strøm MS. Excess 
non-COVID-19 mortality in Norway 2020–2022. BMC Public 
Health. 2024;24(1):244. https://doi.org/10.1186/s12889-023-17515-5

117. Mostert S, Hoogland M, Huibers M, Kaspers G. Excess mortality 
across countries in the Western World since the COVID-19 
pandemic: ‘Our World in Data’estimates of January 2020 to 
December 2022. BMJ Public Health. 2024;2(1). 
https://doi.org/10.1136/bmjph-2023-000282 

118. Mansanguan S, Charunwatthana P, Piyaphanee W, Dechkhajorn W, 
Poolcharoen A, Mansanguan C. Cardiovascular manifestation of the 
BNT162b2 mRNA COVID-19 vaccine in adolescents. Trop Med 
Infect Dis. 2022;7(8):196. https://doi.org/10.3390/tropicalmed7080196

119. Su WJ, Liu YL, Chang CH, Lin YC, Huang WI, Wu LC, et al. Risk of 
myocarditis and pericarditis following coronavirus disease 2019 
messenger RNA vaccination—a nationwide study. J Microbiol Immunol 
Infect. 2023;56(3):558-565. https://doi.org/10.1016/j.jmii.2023.01.016

120. Bozkurt B, Kamat I, Hotez PJ. Myocarditis with COVID-19 mRNA 

vaccines. Circulation. 2021;144(6):471-484.           .        
https://doi.org/10.1161/CIRCULATIONAHA.121.056135 

121. Chiu SN, Chen YS, Hsu CC, Hua YC, Tseng WC, Lu CW, et al. 
Changes of ECG parameters a�er BNT162b2 vaccine in the senior 
high school students. Eur J Pediatr. 2023;182(3):1155-1162. 
https://doi.org/10.1007/s00431-022-04786-0 

122. Buergin N, Lopez‐Ayala P, Hirsiger JR, Mueller P, Median D, Glarner 
N, et al. Sex‐speci�c di�erences in myocardial injury incidence a�er 
COVID‐19 mRNA‐1273 booster vaccination. Eur J Heart Fail. 
2023;25(10):1871-1881. https://doi.org/10.1002/ejhf.2978

123. Goyal M, Ray I, Mascarenhas D, Kunal S, Sachdeva RA, Ish P. 
Myocarditis post-SARS-CoV-2 vaccination: a systematic review. 
QJM. 2023;116(1):7-25. https://doi.org/10.1093/qjmed/hcac064

124. Schwab C, Domke LM, Hartmann L, Stenzinger A, Longerich T, 
Schirmacher P. Autopsy-based histopathological characterization of 
myocarditis a�er anti-SARS-CoV-2-vaccination. Clin Res Cardiol. 
2023;112(3):431-440. https://doi.org/10.1007/s00392-022-02129-5

125. Hulscher N, Alexander PE, Amerling R, Gessling H, Hodkinson R, 
Makis W, et al. A systematic review of autopsy �ndings in deaths 
a�er COVID-19 vaccination. Forensic Sci Int. 2024:112115. 
https://doi.org/10.1016/j.forsciint.2024.112115

126. Hulscher N, Hodkinson R, Makis W, McCullough PA. Autopsy 
�ndings in cases of fatal COVID‐19 vaccine‐induced myocarditis. 
ESC heart failure. 2024. https://doi.org/10.1002/ehf2.14680 

127. Liberale L, Badimon L, Montecucco F, Lüscher TF, Libby P, Camici 
GG. In�ammation, aging, and cardiovascular disease: JACC 
review topic of the week. J Am Coll Cardiol. 2022;79(8):837-847. 
https://doi.org/10.1016/j.jacc.2021.12.017 

128. Blaylock RL. COVID UPDATE: What is the truth? Surg Neurol 
Int. 2022;13:167. https://doi.org/10.25259/SNI_150_2022

129. Larson KF, Ammirati E, Adler ED, Cooper Jr LT, Hong KN, 
Saponara G, et al. Myocarditis a�er BNT162b2 and mRNA-1273 
vaccination. Circulation. 2021;144(6):506-508.             .         
https://doi.org/10.1161/CIRCULATIONAHA.121.055913 

130. Engler RJ, Montgomery JR, Spooner CE, Nelson MR, Collins LC, 
Ryan MA, et al. Myocarditis and pericarditis recovery following 
smallpox vaccine 2002–2016: A comparative observational cohort 
study in the military health system. PloS one. 2023;18(5): 
e0283988. https://doi.org/10.1371/journal.pone.0283988

131. Grabenstein JD, Winkenwerder Jr W. US military smallpox 
vaccination program experience. Jama. 2003;289(24):3278-3282. 
https://doi.org/10.1001/jama.289.24.3278

132. Military Community Demographics, 2021.                   .        
https://www.militar yonesource.mil/data-research-and- 
statistics/military-community-demographics/ 

133. Deputy Secretary of Defense. Mandatory coronavirus disease 2019 
vaccination of DoD civilian employees. 2021.            .    
https://media.defense.gov/2021/Oct/04/2002867430/-1/-1/0/MA
NDATORY-CORONAVIRUS-DISEASE-2019-VACCINATION-
OF-DOD-CIVILIAN-EMPLOYEES-OSD008990-21-RESP-FINA
L.PDF

134. Romero E, Fry S, Hooker B. Safety of mRNA vaccines administered 
during the �rst twenty-four months of the International COVID-19 
vaccination program. Int J Vaccine �eory Pract Res. 
2023;3(1):891-910. https://doi.org/10.56098/ijvtpr.v3i1.70

135. Hurley P, Krohn M, LaSala T, Leavitt R, MacDonald CS, Nolan P, Rulis S, 
Sawyer M. Group Life COVID-19 Mortality Survey Report. Society of 
Actuaries Research Institute, Schaumburg, Illinois. 2023. Available at  
https://www.soa.org/resources/experience-studies/2023/group-life-covid-
mort-06-23/

136. Dowd E. " Cause Unknown": �e Epidemic of Sudden Deaths in 
2021 & 2022. Simon and Schuster; 2022.

137. Quarterly Excess Death Rate Analysis. Centers for Disease Control 
and Prevention. Phinance Technologies. 2023.            .    
https://phinancetechnologies.com/HumanityProjects/Quarterly%
20Excess%20Death%20Rate%20Analysis%20-%20US.htm    

138. �e Vigilant Fox. Edward Dowd presents irrefutable evidence vaccine 

mandates killed and disabled countless Americans. 2023. Available at: 
https://dailyclout.io/edward-dowd-presents-irrefutable-evidence-vacc
ine-mandates-killed-disabled-countless-americans/

139. McLachlan S, Osman M, Dube K, Chiketero P, Choi Y, Fenton N. 
Analysis of COVID-19 vaccine death reports from the Vaccine 
Adverse Events Reporting System (VAERS) database interim: Results 
and analysis. 2021:1-17. https://doi.org/10.13140/RG.2.2.26987.26402

140. Shimabukuro TT, Nguyen M, Martin D, DeStefano F. Safety monitoring 
in the vaccine adverse event reporting system (VAERS). Vaccine. 
2015;33(36):4398-4405. https://doi.org/10.1016/j.vaccine.2015.07.035

141. Amir M, Latha S, Sharma R, Kumar A. Association of cardiovascular 
events with COVID-19 vaccines using vaccine adverse event reporting 
system (VAERS): A retrospective study. Curr Drug Saf. 2024;19(3):402-406. 
https://doi.org/10.2174/0115748863276904231108095255

142. Varricchio F, Iskander J, Destefano F, Ball R, Pless R, Braun MM, 
Chen RT. Understanding vaccine safety information from the 
vaccine adverse event reporting system. Pediatr Infect Dis J. 2004; 
23(4):287-294. https://doi.org/10.1097/00006454-200404000-00002 

143. Lazarus R, Klompas M, Bernstein S. Electronic Support for Public 
Health–Vaccine Adverse Event Reporting System (ESP: VAERS). 
Grant. Final Report, Grant ID: R18 HS. 2010;17045. Available at: 
https://www.corruptedsystem.com/uploads/r18hs017045-lazarus-
�nal-report-2011.pdf

144. Montag K, Kampf G. Hospitalised Myocarditis and pericarditis 
cases in germany indicate a higher post-vaccination risk for young 
people mainly a�er COVID-19 vaccination. J Clin Med. 
2022;11(20):6073. https://doi.org/10.3390/jcm11206073 

145. Rose J. Critical appraisal of VAERS pharmacovigilance: Is the US 
vaccine adverse events reporting system (VAERS) a functioning 
pharmacovigilance system. Publ Health Pol the Law. 
2021;3:100-129.

146. Yan MM, Zhao H, Li ZR, Chow JW, Zhang Q, Qi YP, et al. Serious 
adverse reaction associated with the COVID-19 vaccines of 
BNT162b2, Ad26. COV2. S, and mRNA-1273: gaining insight 
through the VAERS. Frontiers in pharmacology. 2022;13:921760. 
https://doi.org/10.3389/fphar.2022.921760

147. Cadegiani FA. Catecholamines Are the Key Trigger of COVID-19 
mRNA Vaccine-Induced Myocarditis: A Compelling Hypothesis 
Supported by Epidemiological, Anatomopathological, Molecular, 
and Physiological Findings. Cureus. 2022;14(8):e27883. 
https://doi.org/10.7759/cureus.27883

148. Choi S, Lee S, Seo JW, Kim MJ, Jeon YH, Park JH, et al. 
Myocarditis-induced sudden death a�er BNT162b2 mRNA 
COVID-19 vaccination in Korea: Case report focusing on 
histopathological �ndings. J Korean Med Sci. 2021;36(40):e286. 
https://doi.org/10.3346/jkms.2021.36.e286

149. Gill JR, Tashjian R, Duncanson E. Autopsy histopathologic cardiac 
�ndings in 2 adolescents following the second COVID-19 vaccine 
dose. Arc Path Lab Med. 2022;146(8):925-929.      .         
https://doi.org/10.5858/arpa.2021-0435-SA

150. Park JH, Kim KH. COVID-19 vaccination-related myocarditis: 
what we learned from our experience and what we need to do in 
the future. Korean Circ J. 2024;54(6):295-310.      .         
https://doi.org/10.4070/kcj.2024.0065 

151. Bille K, Figueiras D, Schamasch P, Kappenberger L, Brenner JI, 
Meijboom FJ, et al. Sudden cardiac death in athletes: the Lausanne 
Recommendations. Eur J Cardiovasc Prev Rehabil. 2006;13(6): 
859-875. https://doi.org/10.1097/01.hjr.0000238397.50341.4a

152. Polykretis P, McCullough PA. Rational harm-bene�t assessments by 
age group are required for continued COVID-19 vaccination. Scand 
J Immunol. 2023;98(1):e13242. https://doi.org/10.1111/sji.13242 

153. Alexander LK, Small JD, Edwards S, Baric RS. An experimental 
model for dilated cardiomyopathy a�er rabbit coronavirus 
infection. J Infect Dis. 1992;166(5):978-985.            .         
https://doi.org/10.1093/infdis/166.5.978 

154. Alexander LK, Keene BW, Yount BL, Geratz JD, Small JD, Baric RS. 
ECG changes a�er rabbit coronavirus infection. J Electrocardiol. 

1999;32(1):21-32. https://doi.org/10.1016/S0022-0736(99)90018-3 
155. Long B, Brady WJ, Koyfman A, Gottlieb M. Cardiovascular 

complications in COVID-19. Am J Emerg Med. 
2020;38(7):1504-1507. https://doi.org/10.1016/j.ajem.2020.04.048 

156. Hudowenz O, Klemm P, Lange U, Rolf A, Schultheiss HP, Hamm 
C, et al. Case report of severe PCR-con�rmed COVID-19 
myocarditis in a European patient manifesting in mid January 
2020. Eur Heart J Case Rep. 2020;4(6):1-6.         .         
https://doi.org/10.1093/ehjcr/ytaa286 

157. Papageorgiou JM, Almroth H, Törnudd M, van der Wal H, 
Varelogianni G, Lawesson SS. Fulminant myocarditis in a 
COVID-19 positive patient treated with mechanical circulatory 
support - a case report. Eur Heart J Case Rep. 2020;5(2):ytaa523. 
https://doi.org/10.1093/ehjcr/ytaa523

158. ACC Underscores Safety of COVID-19 Vaccine. American College 
of Cardiology. 2022. Available on:                   .         
https://www.acc.org/Latest-in-Cardiology/Articles/2022/10/14/15
/13/ACC-Underscores-Safety-of-COVID-19-Vaccine

159. Chung MK, Zidar DA, Bristow MR, Cameron SJ, Chan T, Harding 
CV III, et al. COVID-19 and Cardiovascular Disease: From Bench 
to Bedside. Circ Res. 2021;128(8):1214-1236.            .         
https://doi.org/10.1161/CIRCRESAHA.121.317997 

160. McCarthy C, Li S, Wang TY, Raber I, Sandoval Y, Smilowitz NR, et 
al. Implementation of High-Sensitivity Cardiac Troponin Assays 
in the United States. J Am Coll Cardiol. 2023;81(3):207-219. 
https://doi.org/10.1016/j.jacc.2022.10.017

161. Gottlieb M, Sansom S, Frankenberger C, Ward E, Hota B. Clinical 
Course and Factors Associated with Hospitalization and Critical 
Illness Among COVID-19 Patients in Chicago, Illinois. Acad 
Emerg Med. 2020;27(10):963-973.               .         
https://doi.org/10.1111/acem.14104 

162. Chauin A. �e Main Causes and Mechanisms of Increase in Cardiac 
Troponin Concentrations Other �an Acute Myocardial Infarction 
(Part 1): Physical Exertion, In�ammatory Heart Disease, 
Pulmonary Embolism, Renal Failure, Sepsis. Vasc Health Risk 
Manag. 2021;17:601-617. https://doi.org/10.2147/VHRM.S327661 

163. Chuang AM, Nguyen MT, Kung WM, Lehman S, Chew DP. 
High-sensitivity troponin in chronic kidney disease: Considerations 
in myocardial infarction and beyond. Rev Cardiovasc Med. 
2020;21(2):191-203. https://doi.org/10.31083/J.RCM.2020.02.17 

164. Siripanthong B, Nazarian S, Muser D, Deo R, Santangeli P, Khanji 
MY, et al. Recognizing COVID-19-related myocarditis: �e 
possible pathophysiology and proposed guideline for diagnosis 
and management. Heart Rhythm. 2020;17(9):1463-1471. 
https://doi.org/10.1016/j.hrthm.2020.05.001 

165. Castiello T, Georgiopoulos G, Finocchiaro G, Claudia M, Gianatti 
A, Delialis D, et al. COVID-19 and myocarditis: a systematic 
review and overview of current challenges. Heart Fail Rev. 
2022;27(1):251-261. https://doi.org/10.1007/s10741-021-10087-9 

166. Mele D, Flamigni F, Rapezzi C, Ferrari R. Myocarditis in COVID-19 
patients: current problems. Intern Emerg Med. 2021;16 
(5):1123-1129. https://doi.org/10.1007/s11739-021-02635-w 

167. Alcoba G, Keitel K, Maspoli V, Lacroix L, Manzano S, Gehri M, et 
al. A three-step diagnosis of pediatric pneumonia at the 
emergency department using clinical predictors, C- reactive 
protein, and pneumococcal PCR. Eur J Pediatr. 
2017;176(6):815-824. https://doi.org/10.1007/s00431-017-2913-0

168. Karbalai Saleh S, Oraii A, Soleimani A, Hadadi A, Shajari Z, Montazeri 
M, et al. �e association between cardiac injury and outcomes in 
hospitalized patients with COVID-19. Intern Emerg Med. 
2020;15(8):1415-1424. https://doi.org/10.1007/s11739-020-02466-1

169. Jalali F, Hatami F, Saravi M, Jafaripour I, Hedayati MT, Amin K, et 
al. Characteristics and outcomes of hospitalized patients with 
cardiovascular complications of COVID-19. J Cardiovasc �orac 
Res. 2021;13(4):355-363. https://doi.org/10.34172/jcvtr.2021.53 

170. Held KS. COVID-19 statistics and facts: Meaningful or a means of 
manipulation? J Am Physicians Surg. 2020; 25(3), 70-72. 

https://jpands.org/vol25no3/held.pdf 
171. Tom MR, Mina MJ. To Interpret the SARS-CoV-2 Test, Consider 

the Cycle �reshold Value. Clin Infect Dis. 2020;71(16):2252- 
2254. https://doi.org/10.1093/cid/ciaa619 

172. Doshi P, Powers JH. Determining the Infectious Potential of 
Individuals with Positive Reverse- Transcription Polymerase 
Chain Reaction Severe Acute Respiratory Syndrome Coronavirus 
2 Tests. Clin Infect Dis. 2021;73(11):e3900-e3901.          .         
https://doi.org/10.1093/cid/ciaa1819 

173. Je�erson T, Spencer EA, Brassey J, Heneghan C. Viral Cultures for 
Coronavirus Disease 2019 Infectivity Assessment: A Systematic 
Review. Clin Infect Dis. 2021;73(11):e3884-e3899.      .         
https://doi.org/10.1093/cid/ciaa1764 

174. McLeod D, Martins I, Pelech S, Beck C, Shaw CA. Dispelling the 
myth of a pandemic of the unvaccinated. Int J Vaccine �eory Pract 
Res. 2021; 2(1), 267–286. https://doi.org/10.56098/ijvtpr.v2i1.38 

175. Buitrago-Garcia D, Ipekci AM, Heron L, Imeri H, 
Araujo-Chaveron L, Arevalo-Rodriguez I, et al. Occurrence and 
transmission potential of asymptomatic and presymptomatic 
SARS-CoV-2 infections: Update of a living systematic review and 
meta-analysis. PLoS Med. 2022;19(5):e1003987.      .         
https://doi.org/10.1371/journal.pmed.1003987 

176. Gao W, Lv J, Pang Y, Li LM. Role of asymptomatic and 
pre-symptomatic infections in covid-19 pandemic. BMJ. 
2021;375:n2342. https://doi.org/10.1136/bmj.n2342

177. Bergeri I, Whelan MG, Ware H, Subissi L, Nardone A, Lewis HC, 
et al.; Unity Studies Collaborator Group. Global SARS-CoV-2 
seroprevalence from January 2020 to April 2022: A systematic 
review and meta- analysis of standardized population-based 
studies. PLoS Med. 2022;19(11):e1004107.      .         
https://doi.org/10.1371/journal.pmed.1004107 

178. Azami M, Moradi Y, Moradkhani A, Aghaei A. SARS-CoV-2 
seroprevalence around the world: an updated systematic review 
and meta-analysis. Eur J Med Res. 2022;27(1):81.      .         
https://doi.org/10.1186/s40001-022-00710-2 

179. Kucirka LM, Lauer SA, Laeyendecker O, Boon D, Lessler J. 
Variation in False-Negative Rate of Reverse Transcriptase 
Polymerase Chain Reaction-Based SARS-CoV-2 Tests by Time 
Since Exposure. Ann Intern Med. 2020;173(4):262-267. 
https://doi.org/10.7326/M20-1495 

180. Mina MJ, Parker R, Larremore DB. Rethinking Covid-19 Test 
Sensitivity - A Strategy for Containment. N Engl J Med. 
2020;383(22):e120. https://doi.org/10.1056/NEJMp2025631

181. Caplan A, Bates KW, Brioni C, Santos A, Sabatini LM, Kaul KL, et al. 
Clinical characteristics and viral load dynamics of COVID-19 in a 
mildly or moderately symptomatic outpatient sample. PLoS One. 
2021;16(10):e0258970. https://doi.org/10.1371/journal.pone.0258970 

182. Klein H, Asseo K, Karni N, Benjamini Y, Nir-Paz R, Muszkat M, et 
al. Onset, duration and unresolved symptoms, including smell and 
taste changes, in mild COVID-19 infection: a cohort study in 
Israeli patients. Clin Microbiol Infect. 2021;27(5):769–774. 
https://doi.org/10.1016/j.cmi.2021.02.008 

183. Russell TW, Golding N, Hellewell J, Abbott S, Wright L, Pearson 
CAB, et al. Reconstructing the early global dynamics of 
under-ascertained COVID-19 cases and infections. BMC Med. 
2020;18(1):332. https://doi.org/10.1186/s12916-020-01790-9 

184. Havers FP, Reed C, Lim T, Montgomery JM, Klena JD, Hall AJ, et al. 
Seroprevalence of Antibodies to SARS-CoV-2 in 10 Sites in the 
United States, March 23-May 12, 2020. JAMA Intern Med. 2020;180 
(12):1576-1586. https://doi.org/10.1001/jamainternmed.2020.4130 

185. Estimated COVID-19 Burden. United States Centers for Disease 
Control and Prevention. 2021. Available at:      .         
https://archive.cdc.gov/www_cdc_gov/coronavirus/2019-ncov/ca
ses-updates/burden.html 

186. Ferguson N, Ghani A, Hinsley W, Volz E. Report 50: 
Hospitalisation risk for Omicron cases in England. Imperial 
College London. 2021:1-12. https://doi.org/10.25561/93035 

187. Gaughan C, Massie L, Braunholtz D, Howells T, Fordham E. Coronavirus 
(COVID-19) Infection Survey Technical Article: Cumulative Incidence of 
the Number of People Who Have Tested Positive for COVID-19, UK. 
O�ce for National Statistics. 2023.Available at:          .         
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocial
care/conditionsanddiseases/articles/coronaviruscovid19infectionsurveytec
hnicalarticlecumulativeincidenceo�henumberofpeoplewhohavebeeninfec
tedwithcovid19byvariantandageengland/9february2023 

188. Bourdon PS, Pantazatos SP. Why a major study on myocarditis risk 
following COVID vaccination should not in�uence public-health policy. 
Front. Med. 2023; 10:1126945. https://doi.org/10.3389/fmed.2023.1126945

189. Knudsen B, Prasad V. COVID-19 vaccine induced myocarditis in 
young males: A systematic review. Eur J Clin Invest. 
2023;53(4):e13947. https://doi.org/10.1111/eci.13947 

190. Cordero A, Cazorla D, Escribano D, Quintanilla MA, López-Ayala 
JM, Berbel PP, et al. Myocarditis a�er RNA-based vaccines for 
coronavirus. Int J Cardiol. 2022;353:131-134.           .         
https://doi.org/10.1016/j.ijcard.2022.01.037 

191. Wang M, Wen W, Zhou M, Wang C, Feng ZH. Meta-Analysis of 
Risk of Myocarditis A�er Messenger RNA COVID-19 Vaccine. 
Am J Cardiol. 2022;167:155-157.                    .        
https://doi.org/10.1016/j.amjcard.2021.12.007

192. Kämmerer U, Pekova S, Klement R, Louwen R, Borger P, Steger K. 
RT-PCR test targeting the conserved 5’-UTR of SARS-CoV-2 
overcomes shortcomings of the �rst WHO-recommended 
RT-PCR test. Int J Vaccine �eory Pract Res. 2023; 3(1):818-846. 
https://doi.org/10.56098/ijvtpr.v3i1.71  

193. Franchi F, Tomsic J. Comments on Kämmerer, et al. Regarding 
RT-PCR Testing. Int J Vaccine �eory Pract Res. 2023; 3(1), 
846.1-846.4. https://doi.org/10.56098/ijvtpr.v3i1.82

194. Patterson BK, Yogendra R, Francisco EB, Long E, Pise A, Osgood E, et 
al. Persistence of S1 spike protein in CD16+ monocytes up to 245 days 
in SARS-CoV-2 negative post COVID-19 vaccination individuals with 
post-acute sequalae of COVID-19 (PASC)-like symptoms. medRxiv. 
2024:2024-2103. https://doi.org/10.1101/2024.03.24.24304286 

195. Parry PI, Lefringhausen A, Turni C, Neil CJ, Cosford R, Hudson 
NJ, et al. 'Spikeopathy': COVID-19 Spike Protein Is Pathogenic, 
from Both Virus and Vaccine mRNA. Biomedicines. 
2023;11(8):2287. https://doi.org/10.3390/biomedicines11082287

196. Patel P, �ompson PD. Diagnosing COVID-19 myocarditis in 
athletes using cMRI. Trends Cardiovasc Med. 2022;32(3):146-150. 
https://doi.org/10.1016/j.tcm.2021.12.009 

197. Shave R, George KP, Atkinson G, Hart E, Middleton N, Whyte G, 
et al. Exercise- induced cardiac troponin T release: a 
meta-analysis. Med Sci Sports Exerc. 2007;39(12):2099–2106. 
https://doi.org/10.1249/mss.0b013e318153�78 

198. Małek ŁA, Marczak M, Miłosz-Wieczorek B, Konopka M, Braksator 
W, Drygas W et al. Cardiac involvement in consecutive elite athletes 
recovered from COVID-19: a magnetic resonance study. J Magn 
Reson Imaging. 2021. https://doi.org/10.1002/jmri.27513 

199. Maestrini V, Merghani A, Rosmini S, Cox A, Bulluck H, Culotta V, 
et al. CMR �ndings in high endurance veteran athletes - a 247 
subject study. J Cardiovasc Magn Reson. 2016;18(1):O38. 
https://doi.org/10.1186/1532-429X-18-S1-O38

200. Clark DE, Parikh A, Dendy JM, Diamond AB, George-Durrett K, Fish 
FA, et al. COVID-19 myocardial pathology evaluation in athletes with 
cardiac magnetic resonance (COMPETE CMR). Circulation. 2021;143 
(6):609-612. https://doi.org/10.1161/CIRCULATIONAHA.120.052573

201. Daniels CJ, Rajpal S, Greenshields JT, Rosenthal GL, Chung EH, 
Terrin M, et al. Prevalence of clinical and subclinical myocarditis in 
competitive athletes with recent SARS-CoV-2 infection: results 
from the big ten COVID-19 cardiac registry. JAMA Cardiol. 2021;6 
(9):1078-1087. https://doi.org/10.1001/jamacardio.2021.2065

202. Fenton N, Neil M. Fighting Goliath: Exposing the �awed science 
and statistics behind the COVID-19 event. Sovereign Rights 
Publishing. 2024.

203. Birtolo LI, Di Pietro G, Ciu�reda A, Improta R, Monosilio S, Prosperi 

S, et al. �e impact of vaccination status on post-acute sequelae in 
hospitalized COVID- 19 survivors using a multi-disciplinary 
approach: An observational single center study. Heliyon. 
2024;10(22):e40409. https://doi.org/10.1016/j.heliyon.2024.e40409 

204. Andrews CD, Parker EPK, Horne E, Walker V, Palmer T, Scha�er 
AL, et al. OpenSAFELY: E�ectiveness of COVID-19 vaccination in 
children and adolescents. medRxiv. 2024:2024-2105.      .          
https://doi.org/10.1101/2024.05.20.24306810

205. Boehmer TK, Kompaniyets L, Lavery AM, Hsu J, Ko JY, Yusuf H, 
et al. Association Between COVID-19 and Myocarditis Using 
Hospital-Based Administrative Data - United States, March 
2020-January 2021. MMWR Morb Mortal Wkly Rep. 2021;70(35): 
1228-1232. http://dx.doi.org/10.15585/mmwr.mm7035e5

206. Klement RJ, Walach H. Commentary: raised c-troponin levels as a 
sign of myocardial injury a�er COVID- 19 vaccination in healthy 
individuals are worrying. Egypt Heart J. 2024;76(1):16. 
https://doi.org/10.1186/s43044-024-00441-1

207. Alhussein MM, Rabbani M, Sarak B, Dykstra S, Labib D, Flewitt J, 
et al. Natural history of myocardial injury a�er COVID-19 
vaccine–associated myocarditis. Can J Cardiol. 2022;38(11):1676- 
1683. https://doi.org/10.1016/j.cjca.2022.07.017

208. Nakahara T, Iwabuchi Y, Miyazawa R, Tonda K, Shiga T, Strauss 
HW, et al. Assessment of myocardial 18F-FDG uptake at PET/CT 
in asymptomatic SARS-CoV-2–vaccinated and nonvaccinated 
patients. Radiol. 2023;308(3):e230743.                    .         
https://doi.org/10.1148/radiol.230743

209. Harris KM, Mackey-Bojack S, Bennett M, Nwaudo D, Duncanson 
E, Maron BJ. Sudden unexpected death due to myocarditis in 
young people, including athletes. Am J Cardiol. 2021;143:131-134. 
https://doi.org/10.1016/j.amjcard.2020.12.028

210. Markwerth P, Bajanowski T, Tzimas I, Dettmeyer R. Sudden 
cardiac death—update. Int J Legal Med. 2021;135:483-495. 
https://doi.org/10.1007/s00414-020-02481-z

211. Ammirati E, Frigerio M, Adler ED, Basso C, Birnie DH, Brambatti M, et al. 
Management of acute myocarditis and chronic in�ammatory 
cardiomyopathy: an expert consensus document. Circ Heart Fail. 2020;13 
(11):e007405. https://doi.org/10.1161/CIRCHEARTFAILURE.120.007405

212. McGonagle D, Giryes S. An immunology of coronary atherosclerosis 
and unexplained sudden death in the COVID-19 era. Autoimmun 
Rev. 2024;103642. https://doi.org/10.1016/j.autrev.2024.103642

213. Sousa PM, Silva EA, Campos MA, Lages JS, Corrêa RD, Silva GE. 
Fatal myocarditis following COVID-19 mrna immunization: a 
case report and di�erential diagnosis review. Vaccines. 
2024;12(2):194. https://doi.org/10.3390/vaccines12020194

214. Lynge TH, Nielsen TS, Winkel BG, Tfelt-Hansen J, Banner J. Sudden 
cardiac death caused by myocarditis in persons aged 1–49 years: a 
nationwide study of 14 294 deaths in Denmark. Forensic Sci. Res. 
2019;4(3):247-256. https://doi.org/10.1080/20961790.2019.1595352

215. Ali-Ahmed F, Dalgaard F, Al-Khatib SM. Sudden cardiac death in patients 
with myocarditis: Evaluation, risk strati�cation, and management. Am 
Heart J. 2020;220:29-40. https://doi.org/10.1016/j.ahj.2019.08.007

216. Richter S, Schwab T, Berchthold-Herz M, Beyersdorf F, Schlensak 
C, Bode C, et al. Borderline-Myokarditis als Auslöser für 
therapierefraktäres Kammer�immern. Intensivmed. 2008;45(5): 
287-291. https://doi.org/10.1007/s00390-008-0865-3

217. De Salvia A, De Leo D, Carturan E, Basso C. Sudden cardiac death, 
borderline myocarditis and molecular diagnosis: evidence or 
assumption?. Med Sci Law. 2011;51(1_suppl):27-29.      .         
https://doi.org/10.1258/msl.2010.010056 

218. Makis, W. Personal communications.2024
219. Hulscher N, Cook M, Stricker R, McCullough PA. Excess 

cardiopulmonary arrest and mortality a�er COVID-19 
vaccination in King County, Washington. 2024.            .         
https://www.preprints.org/manuscript/202405.1665/v1 

220. Yeo YH, Wang M, He X, Lv F, Zhang Y, Zu J, et al. Excess risk for 
acute myocardial infarction mortality during the COVID‐19 
pandemic. J Med Virol. 2023;95(1):e28187.                .         

https://doi.org/10.1002/jmv.28187 
221. Martin SS, Aday AW, Almarzooq ZI, Anderson CA, Arora P, Avery CL, et 

al. 2024 heart disease and stroke statistics: a report of US and global data 
from the American Heart Association. Circulation. 2024;149(8):e347-e913. 
https://doi.org/10.1161/CIR.0000000000001209 

222. Janus SE, Makhlouf M, Chahine N, Motairek I, Al-Kindi SG. 
Examining disparities and excess cardiovascular mortality before 
and during the COVID-19 pandemic. Mayo Clin Proc. 2022;97(12): 
2206-2214. https://doi.org/10.1016/j.mayocp.2022.07.008

223. Woodru� RC, Tong X, Khan SS, Shah NS, Jackson SL, Loustalot F, 
et al. Trends in cardiovascular disease mortality rates and excess 
deaths, 2010–2022. Am J Prev Med. 2024;66(4):582-589. 
https://doi.org/10.1016/j.amepre.2023.11.009

224. Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, et al. 
Myocarditis a�er Covid-19 vaccination in a large health care 
organization.  N Engl J Med. 2021;385(23):2132-2139.      .         
https://doi.org/10.1056/NEJMoa2110737

225. Ferreira JP, Machu JL, Girerd N, Jaisser F, �um T, Butler J, et al. 
Rationale of the FIBROTARGETS study designed to identify novel 
biomarkers of myocardial �brosis. ESC Heart Fail. 2018;5(1): 
139-148. https://doi.org/10.1002/ehf2.12218

226. Tzahor E, Poss KD. Cardiac regeneration strategies: staying young 
at heart. Science. 2017;356(6342):1035-1039.        .         
https://doi.org/10.1126/science.aam5894

227. Barmada A, Klein J, Ramaswamy A, Brodsky NN, Jaycox JR, 
Sheikha H, et al. Cytokinopathy with aberrant cytotoxic 
lymphocytes and pro�brotic myeloid response in SARS-CoV-2 
mRNA vaccine–associated myocarditis. Sci Immunol. 2023;8(83): 
eadh3455. https://doi.org/10.1126/sciimmunol.adh3455

228. Yu CK, Tsao S, Ng CW, Chua GT, Chan KL, Shi J, et al. 
Cardiovascular assessment up to one year a�er COVID-19 
vaccine–associated myocarditis. Circ. 2023;148(5):436-439. 
https://doi.org/10.1161/CIRCULATIONAHA.123.064772

229. Brociek E, Tymińska A, Giordani AS, Caforio AL, Wojnicz R, 
Grabowski M, et al. Myocarditis: etiology, pathogenesis, and their 
implications in clinical practice. Biol. 2023;12(6):874. 
https://doi.org/10.3390/biology12060874

230. Jain SS, Anderson SA, Steele JM, Wilson HC, Muniz JC, Soslow 
JH, et al. Cardiac manifestations and outcomes of COVID-19 
vaccine-associated myocarditis in the young in the USA: 
longitudinal results from the Myocarditis A�er COVID 
Vaccination (MACiV) multicenter study. EClinicalMedicine. 
2024;76. https://doi.org/10.1016/j.eclinm.2024.102809

231. Sharma AN, Stultz JR, Bellamkonda N, Amsterdam EA. 
Fulminant myocarditis: epidemiology, pathogenesis, diagnosis, 
and management. Am J Cardiol. 2019;124(12):1954-1960. 
https://doi.org/10.1016/j.amjcard.2019.09.017

232. Chau EM, Chow WH, Chiu CS, Wang E. Treatment and outcome 
of biopsy-proven fulminant myocarditis in adults. Int J Cardiol. 
2006;110(3):405-406. https://doi.org/10.1016/j.ijcard.2005.07.082

233. Jiang J, Wang DW. Follow-Up and Long-Term Prognosis of 
Myocarditis and Fulminant Myocarditis. InFulminant Myocarditis 
2022;277-288.  https://doi.org/10.1007/978-981-19-5759-8_19

234. Lindner D, Fitzek A, Bräuninger H, Aleshcheva G, Edler C, Meissner 
K, et al. Association of cardiac infection with SARS-CoV-2 in 
con�rmed COVID-19 autopsy cases. JAMA Cardiol. 2020;5(11): 
1281-1285. https://doi.org/doi:10.1001/jamacardio.2020.3551

235. Watanabe S, Hama R. SARS-CoV-2 vaccine and increased myocarditis 
mortality risk: A population based comparative study in Japan. 
medRxiv. 2022:2022-10. https://doi.org/10.1101/2022.10.13.22281036

236. Abrams JY, Oster ME, Godfred-Cato SE, Bryant B, Datta SD, Campbell 
AP, et al. Factors linked to severe outcomes in multisystem 
in�ammatory syndrome in children (MIS-C) in the USA: a 
retrospective surveillance study. Lancet Child Adolesc Health. 2021; 
5(5):323-331. https://doi.org/10.1016/S2352-4642(21)00050-X

237. Verma AK, Lavine KJ, Lin CY. Myocarditis a�er Covid-19 mRNA 
vaccination. N Engl J Med. 2021;385(14):1332-1334.      .         

https://www.nejm.org/doi/full/10.1056/NEJMc2109975
238. Shime M, Nozaki Y, Morita A, Ishiodori T, Murakami T, Yamasaki 

H, et al. Life‐threatening severe acute respiratory syndrome 
coronavirus‐2 mRNA vaccine‐associated myocarditis a�er 
COVID‐19 myocarditis. J Paediatr Child Health. 2023;59(12). 
https://doi.org/10.1111/jpc.16498

239. Takada K, Taguchi K, Samura M, Igarashi Y, Okamoto Y, Enoki Y, 
et al. SARS-CoV-2 mRNA vaccine-related myocarditis and 
pericarditis: An analysis of the Japanese Adverse Drug Event 
Report database. J Infect Chemother. 2025;31(1):102485. 
https://doi.org/10.1016/j.jiac.2024.07.025

240. Husby A, Gulseth HL, Hovi P, Hansen JV, Pihlström N, Gunnes N, et al. 
Clinical outcomes of myocarditis a�er SARS-CoV-2 mRNA vaccination 
in four Nordic countries: population-based cohort study. BMJ Med. 
2023;2(1):e000373. https://doi.org/10.1136/bmjmed-2022-000373

241. Adab P, Haroon S, O’Hara ME, Jordan RE. Comorbidities and 
covid-19. Bmj. 2022;377. https://doi.org/10.1136/bmj.o1431

242. Dominguez LJ, Barbagallo M. �e biology of the metabolic 
syndrome and aging. Curr Opin Clin Nutr Metab Care. 2016; 
19(1):5-11. https://doi.org/10.1097/MCO.0000000000000243

243. Al-So�ani ME, Ganji SS, Kalyani RR. Body composition changes 
in diabetes and aging. J Diabetes Complications. 2019;33(6): 
451-459. https://doi.org/10.1016/j.jdiacomp.2019.03.007

244. Kruglikov IL, Shah M, Scherer PE. Obesity and diabetes as 
comorbidities for COVID-19: Underlying mechanisms and the 
role of viral–bacterial interactions. Elife. 2020;9:e61330. 
https://doi.org/10.7554/eLife.61330

245. Shah H, Khan MS, Dhurandhar NV, Hegde V. �e triumvirate: 
why hypertension, obesity, and diabetes are risk factors for adverse 
e�ects in patients with COVID-19. Acta Diabetol. 2021;58(7): 
831-843. https://doi.org/10.1007/s00592-020-01636-z

246. Yanez ND, Weiss NS, Romand JA, Treggiari MM. COVID-19 
mortality risk for older men and women. BMC public health. 
2020;20(1):1742. https://doi.org/10.1186/s12889-020-09826-8

247. Schumacher AE, Kyu HH, Aali A, Abbafati C, Abbas J, 
Abbasgholizadeh R, et al. Global age-sex-speci�c mortality, life 
expectancy, and population estimates in 204 countries and 
territories and 811 subnational locations, 1950–2021, and the 
impact of the COVID-19 pandemic: a comprehensive 
demographic analysis for the Global Burden of Disease Study 
2021. �e Lancet. 2024;403(10440):1989-2056.           .         
https://doi.org/10.1016/S0140-6736(24)00476-8

248. Massoullié G, Boyer B, Sapin V, Jean F, Andronache M, Peoc’h M, 
et al. Sudden cardiac death risk in contact sports increased by 
myocarditis: a case series. Eur Heart J. 2021;5(3):ytab054. 
https://doi.org/10.1093/ehjcr/ytab054

249. Bohm P, Scharhag J, Egger F, Tischer KH, Niederseer D, Schmied C, 
et al. Sports-related sudden cardiac arrest in Germany. Can J Cardiol. 
2021;37(1):105-112. https://doi.org/10.1016/j.cjca.2020.03.021 

250. P�zer biodistribution con�dential document translated to 
English.2022. Available at                            .         
https://www.naturalnews.com/�les/P�zer-bio-distribution-con�d
ential-document-translated-to-english.pdf 

251. Kanczkowski W, Evert K, Stadtmüller M, Haberecker M, Laks L, Chen LS, et 
al. COVID-19 targets human adrenal glands. Lancet Diabetes Endocrinol. 
2022;10(1):13-16. https://doi.org/10.1016/S2213-8587(21)00291-6

252. Sheppard MN, Westaby J, Zullo E, Fernandez BV, Cox S, Cox A. 
Sudden arrhythmic death and cardiomyopathy are important 
causes of sudden cardiac death in the UK: results from a national 
coronial autopsy database. Histopathol. 2023;82(7):1056-1066. 
https://doi.org/10.1111/his.14889

253. Healy J, Youssef AM, Sawant S, Orchard JJ, Rehan R, Van Vuuren 
R, et al. Trends in sudden unexpected deaths in an Australian 
population: Impact of the COVID-19 pandemic. Heart Lung Circ. 
2024;33(12):1693-1698. https://doi.org/10.1016/j.hlc.2024.07.009

254. Smith J, Schrader S, Morgan H, Shenton P, Alafaci A, Cox N, et al. 
Clinical phenotype of COVID‐19 vaccine‐associated myocarditis 

in Victoria, 2021–22: a cross‐sectional study. Med J Aust. 
2025;222(1):23-29. https://doi.org/10.5694/mja2.52557

255. Sennfält S, Norrving B, Petersson J, Ullberg T. Long-term survival 
and function a�er stroke: a longitudinal observational study from 
the Swedish Stroke Register. Stroke. 2019;50(1):53-61. 
https://doi.org/10.1161/STROKEAHA.118.022913

256. Yazdanfard PD, Christensen AH, Tfelt-Hansen J, Bundgaard H, 
Winkel BG. Non-diagnostic autopsy �ndings in sudden 
unexplained death victims. BMC Cardiovasc Disord. 2020;20:1-7. 
https://doi.org/10.1186/s12872-020-01361-z

257. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil 
AC, et al. Remdesivir for the treatment of Covid-19—preliminary 
report. N Engl J Med. 2020;383(19):1813-1836.        .         
https://doi.org/10.1056/NEJMoa2007764

258. Nina Youngstrom. CMS Hikes Payment for COVID-19 Inpatients 
Treated With New Drugs, Links it to 20% Bonus. J.D.Supra. Health 
Care Compliance Association. 2020. Available at      .         
https://www.jdsupra.com/legalnews/cms-hikes-payment-for-covi
d-19-19452/

259. Wang Y, Zhang D, Du G, Du R, Zhao J, Jin Y, et al. Remdesivir in 
adults with severe COVID-19: a randomised, double-blind, 
placebo-controlled, multicentre trial. �e Lancet. 2020;395(10236): 
1569-1578. https://doi.org/10.1016/S0140-6736(20)31022-9

260. Kwok M, Lee C, Li HS, Deng R, Tsoi C, Ding Q, et al. Remdesivir 
induces persistent mitochondrial and structural damage in human 
induced pluripotent stem cell-derived cardiomyocytes. Cardiovasc 
Res. 2022;118(12):2652-2664. https://doi.org/10.1093/cvr/cvab311

261. Gholipour M, Samidoost P, Moayerifar M, Ghasemzadeh G. A case report 
of QTc prolongation: Drug induced or myocarditis in Severe Acute 
Respiratory Syndrome Coronavirus 2. SAGE Open Med Case Rep. 2024; 
12:2050313X241233432. https://doi.org/10.1177/2050313X241233432

262. Harbi S, AlFai� M, Al-Dorzi HM, Aljuhani O, Alenazi AA, Alalawi 
M, et al. A case report on the association between QTc prolongation 
and remdesivir therapy in a critically ill patient. IDCases. 
2022;29:e01572. https://doi.org/10.1016/j.idcr.2022.e01572

263. Nabati M, Parsaee H. Potential cardiotoxic e�ects of remdesivir on 
cardiovascular system: a literature review. Cardiovasc. Toxicol. 
2022;22(3):268-272. https://doi.org/10.1007/s12012-021-09703-9

264. Tian E, Cosme C, Bauzon J, Batra K, Azar F, Schreiber A. 
Remdesivir-associated bradycardia in COVID-19: a rapid review 
protocol. BMJ open. 2023;13(5):e068564.          .          
https://doi.org/10.1136/bmjopen-2022-068564

265. Krauson AJ, Casimero FV, Siddiquee Z, Stone JR. Duration of 
SARS-CoV-2 mRNA vaccine persistence and factors associated with 
cardiac involvement in recently vaccinated patients. NPJ Vaccines. 
2023;8(1):141. https://doi.org/10.1038/s41541-023-00742-7

266. Baumeier C, Aleshcheva G, Harms D, Gross U, Hamm C, Assmus 
B, et al. Intramyocardial in�ammation a�er COVID-19 
vaccination: an endomyocardial biopsy-proven case series. Int J 
Mol Sci. 2022;23(13):6940. https://doi.org/10.3390/ijms23136940

267. Schreckenberg R, Woitasky N, Itani N, Czech L, Ferdinandy P, 
Schulz R. Cardiac side e�ects of RNA‐based SARS‐CoV‐2 vaccines: 
hidden cardiotoxic e�ects of mRNA‐1273 and BNT162b2 on 
ventricular myocyte function and structure. Br J Pharmacol. 
2024;181(3):345-361. https://doi.org/10.1111/bph.16262

268. Vaccine side e�ects. U.S. Department of Health & Human 
Services. 2022. Retrieved on 2024. Available at          .         
https://www.hhs.gov/immunization/basics/safety/side-e�ects/index.html

269. Singer ME, Taub IB, Kaelber DC. Risk of myocarditis from COVID-19 
infection in people under age 20: a population-based analysis. 
MedRxiv. 2021:2021-07. https://doi.org/10.1101/2021.07.23.21260998

270. Funk PR, Yogurtcu ON, Forshee RA, Anderson SA, Marks PW, 
Yang H. Bene�t-risk assessment of COVID-19 vaccine, mRNA 
(Comirnaty) for age 16–29 years. Vaccine. 2022;40(19):2781-2789. 
https://doi.org/10.1016/j.vaccine.2022.03.030

271. Yogurtcu ON, Funk PR, Forshee RA, Anderson SA, Marks PW, 
Yang H. Bene�t-risk assessment of covid-19 vaccine, MRNA 

(MRNA-1273) for males age 18–64 years. Vaccine: X. 
2023;14:100325. https://doi.org/10.1016/j.jvacx.2023.100325

272. Doshi P. Revolving doors: board memberships, hedge funds, and 
the FDA chiefs responsible for regulating industry. BMJ. 
2024;385:q975. https://doi.org/10.1136/bmj.q975

273. Deyo RA. Gaps, tensions, and con�icts in the FDA approval 
process: implications for clinical practice. J Am Board Fam Pract. 
2004;17(2):142-149.  https://doi.org/10.3122/jabfm.17.2.142

274. Adams B. Moderna nabs a BARDA billion as it kick-starts 
late-stage pandemic vaccine test. 2022. Available at      .         
https://www.�ercebiotech.com/biotech/moderna-nabs-a-barda-bi
llion-as-its-kickstarts-late-stage-pandemic-vaccine-test

275. Lalani HS, Nagar S, Sarpatwari A, Barenie RE, Avorn J, Rome BN, 
et al. US public investment in development of mRNA covid-19 
vaccines: retrospective cohort study. BMJ. 2023;380.      .         
https://doi.org/10.1136/bmj-2022-073747

276. Webb NE, Osburn TS. Characteristics of hospitalized children 
positive for SARS-CoV-2: experience of a large center. Hosp Pediatr. 
2021;11(8):e133-141. https://doi.org/10.1542/hpeds.2021-005919

277. Kushner LE, Schroeder AR, Kim J, Mathew R. “For COVID” or 
“With COVID”: classi�cation of SARS-CoV-2 hospitalizations in 
children. Hosp Pediatr. 2021;11(8):e151-156.              .         
https://doi.org/10.1542/hpeds.2021-006001

278. Drouin O, Hepburn CM, Farrar DS, Baerg K, Chan K, Cyr C, et al. 
Characteristics of children admitted to hospital with acute 
SARS-CoV-2 infection in Canada in 2020. Cmaj. 
2021;193(38):E1483-1493.  https://doi.org/10.1503/cmaj.210053

279. Havers FP. Hospitalization of adolescents aged 12–17 years with 
laboratory-con�rmed COVID-19—COVID-NET, 14 states, 
March 1, 2020–April 24, 2021. MMWR Morb Mortal Wkly Rep. 
2021;70(23):851-857. https://doi.org/10.15585/mmwr.mm7023e1

280. Altarawneh H, Chemaitelly H, Tang P, Hasan MR, Qassim S, 
Ayoub HH, et al. Protection a�orded by prior infection against 
SARS-CoV-2 reinfection with the Omicron variant. MedRxiv. 
2022:2022-01. https://doi.org/10.1056/NEJMc2200133

281. Gazit S, Shlezinger R, Perez G, Lotan R, Peretz A, Ben-Tov A, et al. 
Comparing SARS-CoV-2 natural immunity to vaccine-induced 
immunity: reinfections versus breakthrough infections. MedRxiv. 2021. 
https://www.medrxiv.org/content/10.1101/2021.08.24.21262415v1

282. Coronavirus (COVID‐19) Infection Survey, characteristics of people testing 
positive for COVID‐19, UK: 17. O�ce of National Statistics. 2021. Available at 
https://www.ons.gov.uk/releases/coronaviruscovid19infectionsurvey
characteristicsofpeopletestingpositiveforcovid19uk17november2021

283. León TM. COVID-19 cases and hospitalizations by COVID-19 
vaccination status and previous COVID-19 diagnosis—California and 
New York, May–November 2021. MMWR Morb Mortal Wkly Rep. 
2022;71(4):125-131. http://dx.doi.org/10.15585/mmwr.mm7104e1

284. Pezzullo AM, Axfors C, Contopoulos-Ioannidis DG, Apostolatos 
A, Ioannidis JP. Age-strati�ed infection fatality rate of COVID-19 
in the non-elderly population. Environ Res. 2023;216:114655. 
https://doi.org/10.1016/j.envres.2022.114655

285. Baral S, Chandler R, Prieto RG, Gupta S, Mishra S, Kulldor� M. 
Leveraging epidemiological principles to evaluate Sweden’s 
COVID-19 response. Ann Epidemiol. 2020;54:21.      .         
https://doi.org/10.1016/j.annepidem.2020.11.005

286. Islam N, Shkolnikov VM, Acosta RJ, Klimkin I, Kawachi I, Irizarry 
RA, et al. Excess deaths associated with covid-19 pandemic in 
2020: age and sex disaggregated time series analysis in 29 high 
income countries. bmj. 2021;373:n1137.               .         
https://doi.org/10.1136/bmj.n1137

287. �ornley S, Morris AJ, Sundborn G, Bailey S. How fatal is 
COVID-19 compared with seasonal in�uenza? �e devil is in the 
detail. BMJ. 2020;371:m3883. 2020.

288. Turner JS, Kim W, Kalaidina E, Goss CW, Rauseo AM, Schmitz AJ, 
et al. SARS-CoV-2 infection induces long-lived bone marrow 
plasma cells in humans. Nature. 2021;595(7867):421-425. 
https://doi.org/10.1038/s41586-021-03647-4

289. Wang Z, Yang X, Zhong J, Zhou Y, Tang Z, Zhou H, et al. Exposure 
to SARS-CoV-2 generates T-cell memory in the absence of a 
detectable viral infection. Nat Commun. 2021;12(1):1724. 
https://doi.org/10.1038/s41467-021-22036-z

290. Reynolds CJ, Pade C, Gibbons JM, Otter AD, Lin KM, Muñoz 
Sandoval D, et al. Immune boosting by B. 1.1. 529 (Omicron) 
depends on previous SARS-CoV-2 exposure. Science. 
2022;377(6603) :eabq1841. https://doi.org/10.1126/science.abq1841

291. Patalon T, Saciuk Y, Perez G, Peretz A, Ben-Tov A, Gazit S. Dynamics 
of naturally acquired immunity against severe acute respiratory 
syndrome coronavirus 2 in children and adolescents. J Pediatr. 
2023;257:113371. https://doi.org/10.1016/j.jpeds.2023.02.016

292. Jeet Kaur R, Dutta S, Charan J, Bhardwaj P, Tandon A, Yadav D, et 
al. Cardiovascular adverse events reported from COVID-19 
vaccines: a study based on WHO database. Int J Gen Med. 
2021;3909-3927. https://doi.org/10.2147/IJGM.S324349

293. Oster ME, Shay DK, Su JR, Gee J, Creech CB, Broder KR, et al. 
Myocarditis cases reported a�er mRNA-based COVID-19 
vaccination in the US from December 2020 to August 2021. 
2022;327(4):331-340. https://doi.org/10.1001/jama.2021.24110

294. Shiravi AA, Ardekani A, Sheikhbahaei E, Heshmat-Ghahdarijani K. 
Cardiovascular complications of SARS-CoV-2 vaccines: an overview. 
Cardiol �er. 2022:1-9. https://doi.org/10.1007/s40119-021-00248-0

295. Bardosh K, Krug A, Jamrozik E, Lemmens T, Keshavjee S, Prasad V, et 
al. COVID-19 vaccine boosters for young adults: a risk bene�t 
assessment and ethical analysis of mandate policies at universities. J Med 
Ethics. 2024;50(2):126-138. https://doi.org/10.1136/jme-2022-108449

296. Wallace M, Rosenblum HG, Moulia DL, Broder KR, Shimabukuro 
TT, Taylor CA, et al. A summary of the Advisory Committee for 
Immunization Practices (ACIP) use of a bene�t-risk assessment 
framework during the �rst year of COVID-19 vaccine 
administration in the United States. Vaccine. 2023;41(44): 
6456-6467. https://doi.org/10.1016/j.vaccine.2023.07.037

297. Shiri T, Evans M, Talarico CA, Morgan AR, Mussad M, Buck PO, et al. �e 
population-wide risk-bene�t pro�le of extending the primary COVID-19 
vaccine course compared with an mRNA booster dose program. 
Vaccines. 2022;10(2):140. https://doi.org/10.3390/vaccines10020140

298. Block JP. Cardiac complications a�er SARS-CoV-2 infection and 
mRNA COVID-19 vaccination—PCORnet, United States, january 
2021–January 2022. MMWR Morb Mortal Wkly. 2022;71(14): 
517-523. http://dx.doi.org/10.15585/mmwr.mm7114e1

299. Wong HL, Hu M, Zhou CK, Lloyd PC, Amend KL, Beachler DC, et al. Risk 
of myocarditis and pericarditis a�er the COVID-19 mRNA vaccination in 
the USA: a cohort study in claims databases. �e Lancet. 2022; 
399(10342):2191-2199. https://doi.org/10.1016/S0140-6736(22)00791-7

300. Naveed Z, Li J, Wilton J, Spencer M, Naus M, Velásquez García 
HA, et al. Comparative risk of myocarditis/pericarditis following 
second doses of BNT162b2 and mRNA-1273 coronavirus 
vaccines. J Am Coll Cardiol. 2022;80(20):1900-1908. 
https://doi.org/10.1016/j.jacc.2022.08.799

301. Dickerman BA, Gerlovin H, Madenci AL, Kurgansky KE, Ferolito 
BR, Figueroa Muñiz MJ, et al. Comparative e�ectiveness of 
BNT162b2 and mRNA-1273 vaccines in US veterans. N Engl J Med. 
2022;386(2):105-115. https://doi.org/10.1056/NEJMoa2115463

302. Brisotto G, Montico M, Turetta M, Zanussi S, Cozzi MR, Vettori R, 
et al. Integration of Cellular and Humoral Immune Responses as 
an Immunomonitoring Tool for SARS-CoV-2 Vaccination in 
Healthy and Fragile Subjects. Viruses. 2023;15(6):1276. 
https://doi.org/10.3390/v15061276 

303. Debes AK, Xiao S, Colantuoni E, Egbert ER, Caturegli P, Gadala A, 
et al. Association of vaccine type and prior SARS-CoV-2 infection 
with symptoms and antibody measurements following vaccination 
among health care workers. JAMA Intern Med. 2021;181(12): 
1660-1662. https://doi.org/10.1001/jamainternmed.2021.4580

304. Kobashi Y, Shimazu Y, Kawamura T, Nishikawa Y, Omata F, Kaneko 
Y, et al. Factors associated with anti-severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) spike protein antibody 

correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

Figure 7. Prospective studies that use clinical testing to detect 
asymptomatic myocarditis cases provide the most reliable data for 
assessing myocarditis risk in adolescents, the group at highest risk. 
Based on this research, the actual risk of myocarditis in these younger 
mRNA-injected individuals (2.2%) significantly surpasses the 
theoretical risk of myocarditis in those infected by the wild-type 
SARS-CoV-2 (0.06%).

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 

Figure 8. Myocarditis and COVID-19 mRNA-Based Vaccinations: Risks, Misconceptions, and 
Revelations. This figure illustrates the pathophysiology, risk factors, and misconceptions 
surrounding myocarditis following COVID-19 mRNA-based vaccinations. See text for details.
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.

Disclosure statement 
�e authors declare that they have no competing interests.

References
1. Perkins D, Wilkins R, Kerr R, Greiner B, Hartwell M. Public interest 

in myocarditis during the sars-CoV-2 pandemic. Disaster Med Public 
Health Prep. 2023;17:e349. https://doi.org/10.1017/dmp.2022.307

2. Sularz AK, Hua A, Ismail T. SARS-CoV-2 vaccines and myocarditis. Clin 
Med. 2023;23(5):495-502. https://doi.org/10.7861/clinmed.2023-0049 

3. Liao YF, Tseng WC, Wang JK, Chen YS, Chen CA, Lin MT, et al. 
Management of cardiovascular symptoms a�er P�zer-BioNTech 
COVID-19 vaccine in teenagers in the emergency department. J 
Formos Med Assoc. 2023;122(8):699-706.              .               
.https://doi.org/10.1016/j.jfma.2022.12.004 

4. Rosner CM, Genovese L, Tehrani BN, Atkins M, Bakhshi H, 
Chaudhri S, et al. Myocarditis temporally associated with 
COVID-19 vaccination. Circulation. 2021;144(6):502-505.      .         
https://doi.org/10.1161/CIRCULATIONAHA.121.055891 

5. Caforio AL, Pankuweit S, Arbustini E, Basso C, Gimeno-Blanes J, 
Felix SB, et al. Current state of knowledge on aetiology, diagnosis, 
management, and therapy of myocarditis: a position statement of 
the European Society of Cardiology Working Group on 
Myocardial and Pericardial Diseases. Eur Heart J. 2013;34(33): 
2636-2648. https://doi.org/10.1093/eurheartj/eht210 

6. Berg J, Kottwitz J, Baltensperger N, Kissel CK, Lovrinovic M, 
Mehra T, et al. Cardiac magnetic resonance imaging in 
myocarditis reveals persistent disease activity despite 
normalization of cardiac enzymes and in�ammatory parameters 
at 3-month follow-up. Circ Heart Fail. 2017;10(11):e004262. 
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004262 

7. Lurz P, Eitel I, Klieme B, Luecke C, De Waha S, Desch S, et al. �e 
potential additional diagnostic value of assessing for pericardial 
e�usion on cardiac magnetic resonance imaging in patients with 
suspected myocarditis. Eur Heart J Cardiovasc Imaging. 2014;15 
(6):643-650. https://doi.org/10.1093/ehjci/jet267 

8. Spotts PH, Zhou F. Myocarditis and Pericarditis. Prim Care. 
2023;51(1):111-124. https://doi.org/10.1016/j.pop.2023.07.006 

9. Sagar S, Liu PP, Cooper LT. Myocarditis. Lancet. 2012;379(9817): 
738-747. https://doi.org/10.1016/S0140-6736(11)60648-X 

10. Su JR, McNeil MM, Welsh KJ, Marquez PL, Ng C, Yan M, et al. 
Myopericarditis a�er vaccination, vaccine adverse event reporting 
system (VAERS), 1990–2018. Vaccine. 2021;39(5):839-845. 
https://doi.org/10.1016/j.vaccine.2020.12.046

11. Cosentino M, Marino F. Understanding the pharmacology of 
COVID-19 mRNA vaccines: playing dice with the spike? Int J Mol 
Sci. 2022;23(18):10881. https://doi.org/10.3390/ijms231810881 

12. Fazlollahi A, Zahmatyar M, Noori M, Nejadghaderi SA, Sullman 
MJ, Shekarriz‐Foumani R, et al. Cardiac complications following 
mRNA COVID‐19 vaccines: A systematic review of case reports 
and case series. Rev Med Virol. 2022;32(4):e2318.      .         
https://doi.org/10.1002/rmv.2318 

13. Li YE, Wang S, Reiter RJ, Ren J. Clinical cardiovascular 
emergencies and the cellular basis of COVID-19 vaccination: from 
dream to reality?. Int J Infect Dis. 2022;124:1-10.      .         
https://doi.org/10.1016/j.ijid.2022.08.026 

14. Karlstad Ø, Hovi P, Husby A, Härkänen T, Selmer RM, Pihlström 
N, et al. SARS-CoV-2 vaccination and myocarditis in a Nordic 
cohort study of 23 million residents. JAMA Cardiol.  2022;7(6): 
600-612. https://doi.org/10.1001/jamacardio.2022.0583

15. Gao J, Feng L, Li Y, Lowe S, Guo Z, Bentley R, et al. A systematic 
review and meta-analysis of the association between SARS-CoV-2 
vaccination and myocarditis or pericarditis. Am J Prev Med. 
2023;64(2):275-284. https://doi.org/10.1016/j.amepre.2022.09.002

16. Yasmin F, Najeeb H, Naeem U, Moeed A, Atif AR, Asghar MS, et 
al. Adverse events following COVID‐19 mRNA vaccines: A 
systematic review of cardiovascular complication, thrombosis, and 
thrombocytopenia. Immun In�amm Dis. 2023;11(3):e807. 
https://doi.org/10.1002/iid3.807 

17. Ilonze OJ, Guglin ME. Myocarditis following COVID-19 
vaccination in adolescents and adults: a cumulative experience of 
2021. Heart Fail Rev. 2022;27(6):2033-2043.                 .         
https://doi.org/10.1007/s10741-022-10243-9

18. Costa C, Moniati F. �e Epidemiology of COVID‐19 
Vaccine‐Induced Myocarditis. Adv Med. 2024;2024(1):4470326. 
https://doi.org/10.1155/2024/4470326 

19. Jung SW, Jeon JJ, Kim YH, Choe SJ, Lee S. Long-term risk of 
autoimmune diseases a�er mRNA-based SARS-CoV2 vaccination in 
a Korean, nationwide, population-based cohort study. Nat Commun. 
2024;15(1):6181. https://doi.org/10.1038/s41467-024-50656-8 

20. Yun C, Lee Y, Heo SJ, Kim N, Jung I. �e impact of COVID-19 status 
and vaccine type following the �rst dose on acute heart disease: A 

nationwide retrospective cohort study in South Korea. Epidemiol 
Infect. 2024;152:e134. https://doi.org/10.1017/S0950268824001213

21. Montgomery J, Ryan M, Engler R, Ho�man D, McClenathan B, 
Collins L, et al. Myocarditis Following Immunization With mRNA 
COVID-19 Vaccines in Members of the US Military. JAMA Cardiol. 
2021;6(10):1202-1206. http://doi.org/10.1001/jamacardio.2021.2833 

22. Puntmann VO, Carerj ML, Wieters I, Fahim M, Arendt C, 
Ho�mann J, et al. Outcomes of Cardiovascular Magnetic Resonance 
Imaging in Patients Recently Recovered From Coronavirus Disease 
2019 (COVID-19). JAMA Cardiol. 2020;5(11):1265-1273. 
http://doi.org/10.1001/jamacardio.2020.3557 

23. Tersalvi G, Vicenzi M, Calabretta D, Biasco L, Pedrazzini G, 
Winterton D. Elevated Troponin in Patients With Coronavirus 
Disease 2019: Possible Mechanisms. J Card Fail. 2020;26(6): 
470-475. https://doi.org/10.1016/j.cardfail.2020.04.009 

24. Nascimento JH, Gomes BF, Oliveira GM. Cardiac troponin as a 
predictor of myocardial injury and mortality from COVID-19. Arq 
Bras Cardiol. 2020;115:667-668. https://doi.org/10.36660/abc.20200862 

25. Ucar FM, Ozturk C, Yılmaztepe MA. Evaluation of Tp-e interval, 
Tp-e/QT ratio and Tp-e/QTc ratio in patients with acute 
myocarditis. BMC Cardiovasc Disord. 2019;19(1):232.      .         
https://doi.org/10.1186/s12872-019-1207-z 

26. Pillay J, Gaudet L, Wingert A, Bialy L, Mackie AS, Paterson DI, et 
al. Incidence, risk factors, natural history, and hypothesised 
mechanisms of myocarditis and pericarditis following covid-19 
vaccination: living evidence syntheses and review. BMJ. 
2022;378:e069445. https://doi.org/10.1136/bmj-2021-069445 

27. Chapin-Bardales J, Myers T, Gee J, Shay DK, Marquez P, Baggs J, et al. 
Reactogenicity within 2 weeks a�er mRNA COVID-19 vaccines: 
Findings from the CDC v-safe surveillance system. Vaccine. 
2021;39(48):7066-7073. https://doi.org/10.1016/j.vaccine.2021.10.019 

28. Cumulative and Interval Summary Tabulation of Serious and Non-Serious 
Adverse Reactions from Post-Marketing Data Sources. P�zer. 2022:1-393. 
https://www.globalresearch.ca/wp-content/uploads/2023/05/p�zer-report.pdf 

29. Comirnaty. European Medicines Agency . Amsterdam, �e 
Netherlands. 2023. Available on:                     .         
https://www.ema.europa.eu/en/medicines/human/EPAR/comirnaty 

30. Making medicines and medical devices safer. Yellow Card. 2024. 
Available on: https://yellowcard.mhra.gov.uk/information 

31. Yan MM, Zhao H, Li ZR, Chow JW, Zhang Q, Qi YP, et al. Serious 
adverse reaction associated with the COVID-19 vaccines of 
BNT162b2, Ad26. COV2. S, and mRNA-1273: gaining insight 
through the VAERS. Front Pharmacol. 2022;13:921760. 
https://doi.org/10.3389/fphar.2022.921760 

32. Shabu A, Nishtala PS. Analysis of the adverse events following the 
mRNA-1273 COVID-19 vaccine. Expert Rev Vaccines. 2023; 
22(1):801-812. https://doi.org/10.1080/14760584.2023.2260477 

33. Glover C, Deng L, Larter C, Brogan C, Richardson O, Huang YA, 
et al. Surveillance of adverse events following immunisation in 
Australia, COVID-19 vaccines, 2021. Commun Dis Intell. 
2024;48:38926650. https://doi.org/10.33321/cdi.2024.48.2 

34. Kim DH, Kim JH, Oh IS, Choe YJ, Choe SA, Shin JY. Adverse 
Events Following COVID-19 Vaccination in Adolescents: Insights 
from Pharmacovigilance Study of VigiBase. J Korean Med Sci. 
2024;39(8):e76. https://doi.org/10.3346/jkms.2024.39.e76 

35. Montano D. Frequency and Associations of Adverse Reactions of 
COVID-19 Vaccines Reported to Pharmacovigilance Systems in 
the European Union and the United States. Front Public Health. 
2022;9:756633. https://doi.org/10.3389/fpubh.2021.756633

36. Vidal-Perez R, Brandão M, Pazdernik M, Kresoja KP, Carpenito 
M, Maeda S, et al. Cardiovascular disease and COVID-19, a deadly 
combination: A review about direct and indirect impact of a 
pandemic. World J Clin Cases. 2022;10(27):9556-9572.       .        
https://doi.org/10.12998/wjcc.v10.i27.9556 

37. Faksova K, Walsh D, Jiang Y, Gri�n J, Phillips A, Gentile A, et al. 
COVID-19 vaccines and adverse events of special interest: A 
multinational Global Vaccine Data Network (GVDN) cohort 

study of 99 million vaccinated individuals. Vaccine. 2024;42(9): 
2200-2211. https://doi.org/10.1016/j.vaccine.2024.01.100

38. COVID-19 VaST Work Group Report – May 17, 2021. National Center for 
Immunization and Respiratory Diseases. 2021. Available on: 
https://archive.cdc.gov/www_cdc_gov/vaccines/acip/work-groups-vast/r
eport-2021-05-17.html

39. Gargano JW, Wallace M, Hadler SC, Langley G, Su JR, Oster ME, 
et al. Use of mRNA COVID-19 Vaccine A�er Reports of 
Myocarditis Among Vaccine Recipients: Update from the 
Advisory Committee on Immunization Practices - United States, 
June 2021. MMWR Morb Mortal Wkly Rep. 2021;70(27):977-982. 
http://dx.doi.org/10.15585/mmwr.mm7027e2

40. Sun CLF, Ja�e E, Levi R. Increased emergency cardiovascular 
events among under-40 population in Israel during vaccine rollout 
and third COVID-19 wave. Sci Rep. 2022;12(1):6978. 
https://doi.org/10.1038/s41598-022-10928-z

41. Klein NP, Lewis N, Goddard K, Fireman B, Zerbo O, Hanson KE, et al. 
Surveillance for adverse events a�er COVID-19 mRNA vaccination. Jama. 
2021;326(14):1390-1399. http://dx.doi.org/10.1001/jama.2021.15072 

42. Hu M, Wong HL, Feng Y, Lloyd PC, Smith ER, Amend KL, et al. 
Safety of the BNT162b2 COVID-19 Vaccine in Children Aged 5 to 
17 Years. JAMA Pediatr. 2023;177(7):710-717.                  .         
http://dx.doi.org/10.1001/jamapediatrics.2023.1440 

43. Weiss SR. Myocarditis Cases A�er mRNA-Based COVID-19 
Vaccination in the US. JAMA. 2022;327(20):2019-2020.      .         
http://dx.doi.org/10.1001/jama.2022.5131

44. Old�eld PR, Gutschi M, McCullough PA, Speicher DJ. BioNTech’s 
COVID-19 modRNA Vaccines: Dangerous genetic mechanism of 
action released before su�cient preclinical testing. Journal of 
American Physicians and Surgeons. 2024;29(4):118-126.

45. Wiseman D, Guetzkow J, Seligmann H, Franzcog F. Booster Doses 
for P�zer-BioNtech Vaccine. Vaccines and Related Biological 
Products Advisory Committee. 2021. Available on: 
�le:///C:/Users/ADMIN/Downloads/FDA-2021-N-0965-0016_att
achment_1%20(1).pdf 

46. Hromić-Jahjefendić A, Sezer A, Aljabali AAA, Serrano-Aroca Á, 
Tambuwala MM, Uversky VN, et al. COVID-19 Vaccines and 
Myocarditis: An Overview of Current Evidence. Biomedicines. 
2023;11(5):1469. https://doi.org/10.3390/biomedicines11051469 

47. Rose J, Hulscher N, McCullough PA. Determinants of COVID-19 
vaccine-induced myocarditis. �er Adv Drug Saf. 2024;15: 
20420986241226566. https://doi.org/10.1177/20420986241226566 

48. Lee CW, Sa S, Hong M, Kim J, Shim SR, Han HW. Adverse Events 
and Safety Pro�le of the COVID-19 Vaccines in Adolescents: Safety 
Monitoring for Adverse Events Using Real-World Data. Vaccines. 
2022;10(5):744. https://doi.org/10.3390/vaccines10050744 

49. Jeon H-E, Lee S, Lee J, Roh G, Park H-J, Lee Y-S, et al. SARS-CoV2 
mRNA vaccine intravenous administration induces myocarditis in 
chronic in�ammation. PLoS ONE. 2024; 19(10): e0311726. 
https://doi.org/10.1371/journal.pone.0311726 

50. Awaya T, Hara H, Moroi M. Cytokine Storms and Anaphylaxis 
Following COVID-19 mRNA-LNP Vaccination: Mechanisms and 
�erapeutic Approaches. Diseases. 2024;12(10):231.      .         
https://doi.org/10.3390/diseases12100231 

51. Kosto� RN, Kanduc D, Porter AL, Shoenfeld Y, Calina D, Briggs 
MB, et al. Vaccine- and natural infection-induced mechanisms 
that could modulate vaccine safety. Toxicol Rep. 2020;7: 
1448-1458. https://doi.org/10.1016/j.toxrep.2020.10.016 

52. Diaconu R, Mirea O, Bălşeanu TA. Testosterone, cardiomyopathies, 
and heart failure: a narrative review. Asian J Androl. 
2021;23(4):348-356. https://doi.org/10.4103/aja.aja_80_20 

53. Miličić Stanić B, Maddox S, de Souza AMA, Wu X, Mehranfard D, 
Ji H, et al. Male bias in ACE2 basic science research: missed 
opportunity for discovery in the time of COVID-19. Am J Physiol 
Regul Integr Comp Physiol. 2021;320(6):R925-R937.      .         
https://doi.org/10.1152/ajpregu.00356.2020 

54. Fairweather D, Beetler DJ, Musigk N, Heidecker B, Lyle MA, 

Cooper LT Jr, et al. Sex and gender di�erences in myocarditis and 
dilated cardiomyopathy: An update. Front Cardiovasc Med. 
2023;10:1129348. https://doi.org/10.3389/fcvm.2023.1129348

55. Waqar A, Jain A, Joseph C, Srivastava K, Ochuba O, Alkayyali T, et 
al. Cardioprotective Role of Estrogen in Takotsubo Cardiomyopathy. 
Cureus. 2022;14(3):e22845. https://doi.org/10.7759/cureus.22845 

56. Akhtar SM, Gazzaz ZJ, Baig M, Majeed R, Hashmi AA. 
Association Between P�zer COVID-19 Vaccine Adverse E�ects 
and Diabetes Mellitus: A Prospective Multicenter Study. Cureus. 
2023;15(11):e48263. https://doi.org/10.7759/cureus.48263

57. Sutardi AQI, Ramatillah DL. Evaluation comparison between 
Sinovac and P�zer vaccine among indonesian children and 
teenagers under 18 years old. Int J Appl Pharm. 2022;14(2):22–30. 
https://dx.doi.org/10.22159/ijap.2022.v14s2.44745 

58. Piernas C, Patone M, Astbury NM, Gao M, Sheikh A, Khunti K, et al. 
Associations of BMI with COVID-19 vaccine uptake, vaccine 
e�ectiveness, and risk of severe COVID-19 outcomes a�er vaccination in 
England: a population-based cohort study. Lancet Diabetes Endocrinol. 
2022;10(8):571-580. https://doi.org/10.1016/S2213-8587(22)00158-9 

59. Ouaddouh C, Duijster JW, Lieber T, van Hunsel FP. �e role of 
co-morbidities in the development of an AEFI a�er COVID-19 
vaccination in a large prospective cohort with patient-reported 
outcomes in the Netherlands. Expert Opin Drug Saf. 2024;23 
(3):323-331. https://doi.org/10.1080/14740338.2023.2267971 

60. Bianchi FP, Rizzi D, Daleno A, Stefanizzi P, Migliore G, Tafuri S. 
Assessing the temporal and cause-e�ect relationship between 
myocarditis and mRNA COVID-19 vaccines. A retrospective 
observational study. Int J Infect Dis. 2024;141:106960.       .        
https://doi.org/10.1016/j.ijid.2024.02.003 

61. John NA, John J, Kamble P, Singhal A, Daulatabad V, Vamshidhar 
IS. COVID 19 vaccine in patients of hypercoagulable disorders: a 
clinical perspective. Horm Mol Biol Clin Investig. 
2021;43(1):89-96. https://doi.org/10.1515/hmbci-2021-0037 

62. Heil M. Self-DNA driven in�ammation in COVID-19 and a�er 
mRNA-based vaccination: lessons for non- COVID-19 
pathologies. Front Immunol. 2024;14:1259879.      .         
https://doi.org/10.3389/�mmu.2023.1259879 

63. Wu B, Ni H, Li J, Zhuang X, Zhang J, Qi Z, et al. �e Impact of 
Circulating Mitochondrial DNA on Cardiomyocyte Apoptosis and 
Myocardial Injury A�er TLR4 Activation in Experimental 
Autoimmune Myocarditis. Cell Physiol Biochem. 2017;42(2): 
713-728. https://doi.org/10.1159/000477889

64. Ittiwut C, Mahasirimongkol S, Srisont S, Ittiwut R, Chockjamsai 
M, Durongkadech P, et al. Genetic basis of sudden death a�er 
COVID-19 vaccination in �ailand. Heart Rhythm. 2022; 19: 
1874-1879. https://doi.org/10.1016/j.hrthm.2022.07.019 

65. She CH, Tsang HW, Yang X, Tsao SS, Tang CS, Chan SH, et al. 
Genome- wide association study of BNT162b2 vaccine-related 
myocarditis identi�es potential predisposing functional areas in 
Hong Kong adolescents. BMC Genom Data. 2024;25(1):51. 
https://doi.org/10.1186/s12863-024-01238-6 

66. Chen DP, Wen YH, Lin WT, Hsu FP. Association between the side 
e�ect induced by COVID-19 vaccines and the immune regulatory 
gene polymorphism. Front Immunol. 2022;13:941497. 
https://doi.org/10.3389/�mmu.2022.941497 

67. Bolze A, Mogensen TH, Zhang SY, Abel L, Andreakos E, Arkin LM, 
et al. Decoding the Human Genetic and Immunological Basis of 
COVID-19 mRNA Vaccine-Induced Myocarditis. J Clin Immunol. 
2022;42(7):1354-1359. https://doi.org/10.1007/s10875-022-01372-9

68. Patone M, Mei XW, Handunnetthi L, Dixon S, Zaccardi F, Shankar-Hari M, 
et al. Risk of myocarditis a�er sequential doses of COVID-19 vaccine and 
SARS-CoV-2 infection by age and sex. Circulation. 2022;146(10):743-754. 
https://doi.org/10.1161/CIRCULATIONAHA.122.059970

69. Buchan SA, Seo CY, Johnson C, Alley S, Kwong JC, Nasreen S, et al. 
Epidemiology of myocarditis and pericarditis following mRNA 
vaccination by vaccine product, schedule, and interdose interval among 
adolescents and adults in Ontario, Canada. JAMA Netw Open. 2022; 

5(6):e2218505. https://doi.org/10.1001/jamanetworkopen.2022.18505
70. Shar� KA, Dancoes DM, Longueil JL, Johnson ES, Lewis PF. Risk 

of myopericarditis following COVID‐19 mRNA vaccination in a 
large integrated health system: a comparison of completeness and 
timeliness of two methods. Pharmacoepidemiol Drug Saf. 
2022;31(8):921-925. https://doi.org/10.1002/pds.5439 

71. Stowe J, Miller E, Andrews N, Whitaker HJ. Risk of myocarditis and 
pericarditis a�er a COVID-19 mRNA vaccine booster and a�er 
COVID-19 in those with and without prior SARS-CoV-2 infection: 
A self-controlled case series analysis in England. PLoS Med. 2023; 
20(6):e1004245. https://doi.org/10.1371/journal.pmed.1004245

72. Li X, Lai FT, Chua GT, Kwan MY, Lau YL, Ip P, et al. Myocarditis 
following COVID-19 BNT162b2 vaccination among adolescents 
in Hong Kong. JAMA Pediatr. 2022;176(6):612-614. 
https://doi.org/10.1001/jamapediatrics.2022.0101

73. Chua GT, Kwan MYW, Chui CSL, Smith RD, Cheung ECL, Ma T, 
et al. Epidemiology of Acute Myocarditis/Pericarditis in Hong 
Kong Adolescents Following Comirnaty Vaccination. Clin Infect 
Dis. 2022;75(4):673-681. https://doi.org/10.1093/cid/ciab989 

74. Krug A, Stevenson J, Høeg TB. BNT162b2 Vaccine-Associated 
Myo/Pericarditis in Adolescents: A Strati�ed Risk-Bene�t Analysis. Eur 
J Clin Invest. 2022;52(5):e13759.    https://doi.org/10.1111/eci.13759 

75. Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, et al. 
Myocarditis a�er Covid-19 Vaccination in a Large Health Care 
Organization. N Engl J Med. 2021;385(23):2132-2139.       .  
https://doi.org/10.1056/NEJMoa2110737

76. Nygaard U, Holm M, Bohnstedt C, Chai Q, Schmidt LS, Hartling UB, 
et al. Population- based Incidence of Myopericarditis A�er COVID-19 
Vaccination in Danish Adolescents. Pediatr Infect Dis J. 
2022;41(1):e25-e28. https://doi.org/10.1097/INF.0000000000003389 

77. Mevorach D, Anis E, Cedar N, Bromberg M, Haas EJ, Nadir E, et 
al. Myocarditis a�er BNT162b2 mRNA vaccine against Covid-19 
in Israel. N Engl J Med. 2021;385(23):2140-2149.      .         
https://doi.org/10.1056/NEJMoa2109730

78. Foltran D, Delmas C, Flumian C, De Paoli P, Salvo F, Gautier S, et al. 
Myocarditis and pericarditis in adolescents a�er �rst and second doses 
of mRNA COVID-19 vaccines. Eur Heart J Qual Care Clin Outcomes. 
2022;8(2):99-103. https://doi.org/10.1093/ehjqcco/qcab090

79. Munro APS, Feng S, Janani L, Cornelius V, Aley PK, Babbage G, et al.; 
COV-BOOST study group. Safety, immunogenicity, and reactogenicity of 
BNT162b2 and mRNA-1273 COVID-19 vaccines given as fourth-dose 
boosters following two doses of ChAdOx1 nCoV-19 or BNT162b2 and a 
third dose of BNT162b2 (COV-BOOST): a multicentre, blinded, phase 2, 
randomised trial. Lancet Infect Dis. 2022;22(8):1131-1141. 
https://doi.org/10.1016/S1473-3099(22)00271-7

80. Uversky VN, Redwan EM, Makis W, Rubio-Casillas A. IgG4 
Antibodies Induced by Repeated Vaccination May Generate 
Immune Tolerance to the SARS-CoV-2 Spike Protein. Vaccines. 
2023;11(5):991. https://doi.org/10.3390/vaccines11050991 

81. Irrgang P, Gerling J, Kocher K, Lapuente D, Steininger P, Habenicht K, et 
al. Class switch toward nonin�ammatory, spike- speci�c IgG4 antibodies 
a�er repeated SARS-CoV-2 mRNA vaccination. Sci Immunol. 
2023;8(79):eade2798. https://doi.org/10.1126/sciimmunol.ade2798

82. Collier JL, Weiss SA, Pauken KE, Sen DR, Sharpe AH. 
Not-so-opposite ends of the spectrum: CD8+ T cell dysfunction 
across chronic infection, cancer and autoimmunity. Nat Immunol. 
2021;22(7):809-819. https://doi.org/10.1038/s41590-021-00949-7 

83. Liu J, Wang J, Xu J, Xia H, Wang Y, Zhang C, et al. Comprehensive 
investigations revealed consistent pathophysiological alterations 
a�er vaccination with COVID-19 vaccines. Cell Discov. 
2021;7(1):99. https://doi.org/10.1038/s41421-021-00329-3 

84. Ouranidis A, Vavilis T, Mandala E, Davidopoulou C, Stamoula E, 
Markopoulou CK, et al. mRNA �erapeutic Modalities Design, 
Formulation and Manufacturing under Pharma 4.0 Principles. Biomed. 
2021;10(1):50. https://doi.org/10.3390/biomedicines10010050 

85. Milano G, Gal J, Creisson A, Chamorey E. Myocarditis and COVID-19 
mRNA vaccines: a mechanistic hypothesis involving dsRNA. Future 

Virol. 2022;17(3):191-196. https://doi.org/10.2217/fvl-2021-0280 
86. Bourdon PS, Duriseti R, Gromoll HC, Dalton DK, Bardosh K, Krug 

AE. A Reanalysis of the FDA's Bene�t-Risk Assessment of Moderna's 
mRNA-1273 COVID Vaccine: For 18-25-Year-Old Males, Risks 
Exceeded Bene�ts Relative to Hospitalizations. arXiv preprint 
arXiv:2410.11811. 2024. https://doi.org/10.48550/arXiv.2410.11811 

87. Tan LJ, Koh CP, Lai SK, Poh WC, Othman MS, Hussin H. A 
systemic review and recommendation for an autopsy approach to 
death followed the COVID 19 vaccination. Forensic Sci Int. 
2022;340:111469. https://doi.org/10.1016/j.forsciint.2022.111469  

88. Foltran D, Sokolski M. Myocarditis Associated with COVID-19 Vaccination. 
Vaccines. 2024;12(10):1193. https://doi.org/10.3390/vaccines12101193 

89. Tinari S. �e EMA COVID-19 data leak, and what it tells us about mRNA 
instability. BMJ. 2021;372:n627. https://doi.org/10.1136/bmj.n627 

90. COVID-19 Vaccine Moderna. Committee for Medicinal Products 
for Human Use. European Medicines Agency. 2021. 
https://www.ema.europa.eu/en/documents/assessment-report/spi
kevax-previously-covid-19-vaccine-moderna-epar-public-assess
ment-report_en.pdf 

91. Comirnaty (COVID-19 mRNA Vaccine). European Medicines Agency. 2024:1-5. 
https://www.ema.europa.eu/en/documents/overview/comirnaty-epar-medicine-ov
erview_en.pdf 

92. Rosa SS, Prazeres DM, Azevedo AM, Marques MP. mRNA vaccines 
manufacturing: Challenges and bottlenecks. Vaccine. 2021;39 
(16):2190-2200. https://doi.org/10.1016/j.vaccine.2021.03.038 

93. Luo D, Wu Z, Wang D, Zhang J, Shao F, Wang S, et al. Lateral �ow 
immunoassay for rapid and sensitive detection of dsRNA contaminants 
in in vitro-transcribed mRNA products. Mol �er Nucleic Acids. 
2023;32:445-453. https://doi.org/10.1016/j.omtn.2023.04.005

94. Sene� S, Nigh G, Kyriakopoulos AM, McCullough PA. Innate 
immune suppression by SARS-CoV-2 mRNA vaccinations: �e role 
of G-quadruplexes, exosomes, and MicroRNAs. Food Chem 
Toxicol. 2022 ;164:113008. https://doi.org/10.1016/j.fct.2022.113008 

95. Li C, Lee A, Grigoryan L, Arunachalam PS, Scott MK, Trisal M, et 
al. Mechanisms of innate and adaptive immunity to the 
P�zer-BioNTech BNT162b2 vaccine. Nat Immunol. 
2022;23(4):543-555. https://doi.org/10.1038/s41590-022-01163-9  

96. Yu YB, Taraban MB, Briggs KT. All vials are not the same: potential 
role of vaccine quality in vaccine adverse reactions. Vaccine. 
2021;39(45):6565-6569. https://doi.org/10.1016/j.vaccine.2021.09.065 

97. Schmeling M, Manniche V, Hansen PR. Batch-dependent safety of 
the BNT162b2 mRNA COVID-19 vaccine. Eur J Clin Invest. 
2023;53(8):e13998. https://doi.org/10.1111/eci.13998 

98. Speicher DJ, Rose J, Gutschi LM, McKernan K. DNA fragments 
detected in monovalent and bivalent P�zer/BioNTech and 
Moderna modRNA COVID-19 vaccines from Ontario, Canada: 
Exploratory dose response relationship with serious adverse 
events. 2023. https://doi.org/10.31219/osf.io/mjc97

99. McKernan K, Helbert Y, Kane LT, McLaughlin S. Sequencing of 
bivalent Moderna and P�zer mRNA vaccines reveals nanogram to 
microgram quantities of expression vector dsDNA per dose. 2023. 
https://doi.org/10.31219/osf.io/b9t7 

100. Classen B. US COVID-19 vaccines proven to cause more harm 
than good based on pivotal clinical trial data analyzed using the 
proper scienti�c endpoint,“all cause severe morbidity”. Trends Int 
Med. 2021; 1 (1): 1-6. Available at:                        .         
https://healthyandfree.us/wp-content/uploads/2022/01/U.S.-Covi
d-19-Jabs-Proven-to-Cause-More-Harm-than-Good.pdf

101. Mead MN, Sene� S, Wol�nger R, Rose J, Denhaerynck K, Kirsch S, 
et al. COVID-19 modi�ed mRNA “vaccines”: Lessons learned 
from clinical trials, mass vaccination, and the bio-pharmaceutical 
complex, Part 1.  Int. J. Vaccine �eory Pract. Res. 2024;3(2):1112- 
1178. https://doi.org/10.56098/fdrasy50 

102. Benn CS, Schaltz-Buchholzer F, Nielsen S, Netea MG, Aaby P. 
Randomized clinical trials of COVID-19 vaccines: Do 
adenovirus-vector vaccines have bene�cial non-speci�c e�ects? 
Iscience. 2023;26(5):106733. https://doi.org/10.1016/j.isci.2023.106733 

103. Fraiman J, Erviti J, Jones M, Greenland S, Whelan P, Kaplan RM, et al. 
Serious adverse events of special interest following mRNA COVID-19 
vaccination in randomized trials in adults. Vaccine. 2022; 
40(40):5798-5805. https://doi.org/10.1016/j.vaccine.2022.08.036

104. Michels C, Perrier D, Kunadhasan J, Clark E, Gehrett J, Gehrett B, et 
al. Forensic analysis of the 38 subject deaths in the 6-month interim 
report of the P�zer/BioNTech BNT162b2 mRNA vaccine clinical 
trial. 2023:1-20. https://doi.org/10.20944/preprints202309.0131.v1 

105. Bergman F. P�zer caught hiding sudden deaths during Covid 
‘Vaccine’ trials. Substack. Dr. William Makis. 2024. Available at: 
https://substack.com/home/post/p-153921294

106. �omas SJ, Moreira Jr ED, Kitchin N, Absalon J, Gurtman A, 
Lockhart S, et al. Safety and e�cacy of the BNT162b2 mRNA 
Covid-19 vaccine through 6 months. N Engl J Med. 2021;385(19): 
1761-1773. https://doi.org/10.1056/NEJMoa2110345 

107. P�zer. Summary of clinical safety. New York, NY. 2021.Available at: 
https://phmpt.org/wp-content/uploads/2021/12/STN-125742_0_0
-Section-2.7.4-summary-clin-safety.pdf

108. P�zer. Periodic safety update report #3 for active substance: 
COVID-19 modmRNA vaccine, BNT162b2. BioNTech 
Manufacturing GmbH, Mainz, Germany. 2022. Available at: 
https://tkp.at/wp-content/uploads/2023/03/3.PSUR-1.pdf

109. Horowitz D. Con�dential P�zer document shows the company 
observed 1.6 million adverse events covering nearly every organ 
system. 2023. Available at:                        .         
https://www.globalresearch.ca/con�dential-p�zer-document-sho
ws-company-observed-1-6-million-adverse-events-covering-near
ly-every-organ-system/5823115

110. �e WarRoom DailyClout P�zer Documents Analysts. �e P�zer 
Papers: P�zer’s Crimes against Humanity. 2024:35.

111. P�zer. Pharmacovigilance Plan for Biologic License Application 
#125742 Of Covid-19 mRNA vaccine (nucleoside modi�ed) 
(BNT162b2, PF-07302048). Available at:        .         
https://phmpt.org/wp-content/uploads/2023/01/125742_S21_M1
_pharmacovigilance-plan.pdf 

112. Gehrett B, Gehrett J, Flowers C, Britt L. Report 53: 77% of 
Cardiovascular Adverse Events from P�zer’s mRNA COVID Shot 
Occurred in Women, as Well as in People Under Age 65. Two 
Minors Su�ered Cardiac Events. 2024:35. Available at: 
https://dailyclout.io/report-53-cardiovascular-adverse-events/  

113. Kuhbandner C, Reitzner M. Estimation of excess mortality in 
Germany during 2020-2022. Cureus. 2023;15(5): e39371. 
https://doi.org/10.7759/cureus.39371 

114. Aarstad J, Kvitastein OA. Is there a link between the 2021 
COVID-19 vaccination uptake in Europe and 2022 excess 
all-cause mortality? Asian Pac J Health Sci. 2023;10(1):25-31. 
http://dx.doi.org/10.21276/apjhs.2023.10.1.6 

115. Economidou EC, Soteriades ES. Excess mortality in Cyprus during 
the COVID-19 vaccination campaign. Vaccine. 2024;42(15):3375- 
3376. https://doi.org/10.1016/j.vaccine.2023.11.028

116. Raknes G, Fagerås SJ, Sveen KA, Júlíusson PB, Strøm MS. Excess 
non-COVID-19 mortality in Norway 2020–2022. BMC Public 
Health. 2024;24(1):244. https://doi.org/10.1186/s12889-023-17515-5

117. Mostert S, Hoogland M, Huibers M, Kaspers G. Excess mortality 
across countries in the Western World since the COVID-19 
pandemic: ‘Our World in Data’estimates of January 2020 to 
December 2022. BMJ Public Health. 2024;2(1). 
https://doi.org/10.1136/bmjph-2023-000282 

118. Mansanguan S, Charunwatthana P, Piyaphanee W, Dechkhajorn W, 
Poolcharoen A, Mansanguan C. Cardiovascular manifestation of the 
BNT162b2 mRNA COVID-19 vaccine in adolescents. Trop Med 
Infect Dis. 2022;7(8):196. https://doi.org/10.3390/tropicalmed7080196

119. Su WJ, Liu YL, Chang CH, Lin YC, Huang WI, Wu LC, et al. Risk of 
myocarditis and pericarditis following coronavirus disease 2019 
messenger RNA vaccination—a nationwide study. J Microbiol Immunol 
Infect. 2023;56(3):558-565. https://doi.org/10.1016/j.jmii.2023.01.016

120. Bozkurt B, Kamat I, Hotez PJ. Myocarditis with COVID-19 mRNA 

vaccines. Circulation. 2021;144(6):471-484.           .        
https://doi.org/10.1161/CIRCULATIONAHA.121.056135 

121. Chiu SN, Chen YS, Hsu CC, Hua YC, Tseng WC, Lu CW, et al. 
Changes of ECG parameters a�er BNT162b2 vaccine in the senior 
high school students. Eur J Pediatr. 2023;182(3):1155-1162. 
https://doi.org/10.1007/s00431-022-04786-0 

122. Buergin N, Lopez‐Ayala P, Hirsiger JR, Mueller P, Median D, Glarner 
N, et al. Sex‐speci�c di�erences in myocardial injury incidence a�er 
COVID‐19 mRNA‐1273 booster vaccination. Eur J Heart Fail. 
2023;25(10):1871-1881. https://doi.org/10.1002/ejhf.2978

123. Goyal M, Ray I, Mascarenhas D, Kunal S, Sachdeva RA, Ish P. 
Myocarditis post-SARS-CoV-2 vaccination: a systematic review. 
QJM. 2023;116(1):7-25. https://doi.org/10.1093/qjmed/hcac064

124. Schwab C, Domke LM, Hartmann L, Stenzinger A, Longerich T, 
Schirmacher P. Autopsy-based histopathological characterization of 
myocarditis a�er anti-SARS-CoV-2-vaccination. Clin Res Cardiol. 
2023;112(3):431-440. https://doi.org/10.1007/s00392-022-02129-5

125. Hulscher N, Alexander PE, Amerling R, Gessling H, Hodkinson R, 
Makis W, et al. A systematic review of autopsy �ndings in deaths 
a�er COVID-19 vaccination. Forensic Sci Int. 2024:112115. 
https://doi.org/10.1016/j.forsciint.2024.112115

126. Hulscher N, Hodkinson R, Makis W, McCullough PA. Autopsy 
�ndings in cases of fatal COVID‐19 vaccine‐induced myocarditis. 
ESC heart failure. 2024. https://doi.org/10.1002/ehf2.14680 

127. Liberale L, Badimon L, Montecucco F, Lüscher TF, Libby P, Camici 
GG. In�ammation, aging, and cardiovascular disease: JACC 
review topic of the week. J Am Coll Cardiol. 2022;79(8):837-847. 
https://doi.org/10.1016/j.jacc.2021.12.017 

128. Blaylock RL. COVID UPDATE: What is the truth? Surg Neurol 
Int. 2022;13:167. https://doi.org/10.25259/SNI_150_2022

129. Larson KF, Ammirati E, Adler ED, Cooper Jr LT, Hong KN, 
Saponara G, et al. Myocarditis a�er BNT162b2 and mRNA-1273 
vaccination. Circulation. 2021;144(6):506-508.             .         
https://doi.org/10.1161/CIRCULATIONAHA.121.055913 

130. Engler RJ, Montgomery JR, Spooner CE, Nelson MR, Collins LC, 
Ryan MA, et al. Myocarditis and pericarditis recovery following 
smallpox vaccine 2002–2016: A comparative observational cohort 
study in the military health system. PloS one. 2023;18(5): 
e0283988. https://doi.org/10.1371/journal.pone.0283988

131. Grabenstein JD, Winkenwerder Jr W. US military smallpox 
vaccination program experience. Jama. 2003;289(24):3278-3282. 
https://doi.org/10.1001/jama.289.24.3278

132. Military Community Demographics, 2021.                   .        
https://www.militar yonesource.mil/data-research-and- 
statistics/military-community-demographics/ 

133. Deputy Secretary of Defense. Mandatory coronavirus disease 2019 
vaccination of DoD civilian employees. 2021.            .    
https://media.defense.gov/2021/Oct/04/2002867430/-1/-1/0/MA
NDATORY-CORONAVIRUS-DISEASE-2019-VACCINATION-
OF-DOD-CIVILIAN-EMPLOYEES-OSD008990-21-RESP-FINA
L.PDF

134. Romero E, Fry S, Hooker B. Safety of mRNA vaccines administered 
during the �rst twenty-four months of the International COVID-19 
vaccination program. Int J Vaccine �eory Pract Res. 
2023;3(1):891-910. https://doi.org/10.56098/ijvtpr.v3i1.70

135. Hurley P, Krohn M, LaSala T, Leavitt R, MacDonald CS, Nolan P, Rulis S, 
Sawyer M. Group Life COVID-19 Mortality Survey Report. Society of 
Actuaries Research Institute, Schaumburg, Illinois. 2023. Available at  
https://www.soa.org/resources/experience-studies/2023/group-life-covid-
mort-06-23/

136. Dowd E. " Cause Unknown": �e Epidemic of Sudden Deaths in 
2021 & 2022. Simon and Schuster; 2022.

137. Quarterly Excess Death Rate Analysis. Centers for Disease Control 
and Prevention. Phinance Technologies. 2023.            .    
https://phinancetechnologies.com/HumanityProjects/Quarterly%
20Excess%20Death%20Rate%20Analysis%20-%20US.htm    

138. �e Vigilant Fox. Edward Dowd presents irrefutable evidence vaccine 

mandates killed and disabled countless Americans. 2023. Available at: 
https://dailyclout.io/edward-dowd-presents-irrefutable-evidence-vacc
ine-mandates-killed-disabled-countless-americans/

139. McLachlan S, Osman M, Dube K, Chiketero P, Choi Y, Fenton N. 
Analysis of COVID-19 vaccine death reports from the Vaccine 
Adverse Events Reporting System (VAERS) database interim: Results 
and analysis. 2021:1-17. https://doi.org/10.13140/RG.2.2.26987.26402

140. Shimabukuro TT, Nguyen M, Martin D, DeStefano F. Safety monitoring 
in the vaccine adverse event reporting system (VAERS). Vaccine. 
2015;33(36):4398-4405. https://doi.org/10.1016/j.vaccine.2015.07.035

141. Amir M, Latha S, Sharma R, Kumar A. Association of cardiovascular 
events with COVID-19 vaccines using vaccine adverse event reporting 
system (VAERS): A retrospective study. Curr Drug Saf. 2024;19(3):402-406. 
https://doi.org/10.2174/0115748863276904231108095255

142. Varricchio F, Iskander J, Destefano F, Ball R, Pless R, Braun MM, 
Chen RT. Understanding vaccine safety information from the 
vaccine adverse event reporting system. Pediatr Infect Dis J. 2004; 
23(4):287-294. https://doi.org/10.1097/00006454-200404000-00002 

143. Lazarus R, Klompas M, Bernstein S. Electronic Support for Public 
Health–Vaccine Adverse Event Reporting System (ESP: VAERS). 
Grant. Final Report, Grant ID: R18 HS. 2010;17045. Available at: 
https://www.corruptedsystem.com/uploads/r18hs017045-lazarus-
�nal-report-2011.pdf

144. Montag K, Kampf G. Hospitalised Myocarditis and pericarditis 
cases in germany indicate a higher post-vaccination risk for young 
people mainly a�er COVID-19 vaccination. J Clin Med. 
2022;11(20):6073. https://doi.org/10.3390/jcm11206073 

145. Rose J. Critical appraisal of VAERS pharmacovigilance: Is the US 
vaccine adverse events reporting system (VAERS) a functioning 
pharmacovigilance system. Publ Health Pol the Law. 
2021;3:100-129.

146. Yan MM, Zhao H, Li ZR, Chow JW, Zhang Q, Qi YP, et al. Serious 
adverse reaction associated with the COVID-19 vaccines of 
BNT162b2, Ad26. COV2. S, and mRNA-1273: gaining insight 
through the VAERS. Frontiers in pharmacology. 2022;13:921760. 
https://doi.org/10.3389/fphar.2022.921760

147. Cadegiani FA. Catecholamines Are the Key Trigger of COVID-19 
mRNA Vaccine-Induced Myocarditis: A Compelling Hypothesis 
Supported by Epidemiological, Anatomopathological, Molecular, 
and Physiological Findings. Cureus. 2022;14(8):e27883. 
https://doi.org/10.7759/cureus.27883

148. Choi S, Lee S, Seo JW, Kim MJ, Jeon YH, Park JH, et al. 
Myocarditis-induced sudden death a�er BNT162b2 mRNA 
COVID-19 vaccination in Korea: Case report focusing on 
histopathological �ndings. J Korean Med Sci. 2021;36(40):e286. 
https://doi.org/10.3346/jkms.2021.36.e286

149. Gill JR, Tashjian R, Duncanson E. Autopsy histopathologic cardiac 
�ndings in 2 adolescents following the second COVID-19 vaccine 
dose. Arc Path Lab Med. 2022;146(8):925-929.      .         
https://doi.org/10.5858/arpa.2021-0435-SA

150. Park JH, Kim KH. COVID-19 vaccination-related myocarditis: 
what we learned from our experience and what we need to do in 
the future. Korean Circ J. 2024;54(6):295-310.      .         
https://doi.org/10.4070/kcj.2024.0065 

151. Bille K, Figueiras D, Schamasch P, Kappenberger L, Brenner JI, 
Meijboom FJ, et al. Sudden cardiac death in athletes: the Lausanne 
Recommendations. Eur J Cardiovasc Prev Rehabil. 2006;13(6): 
859-875. https://doi.org/10.1097/01.hjr.0000238397.50341.4a

152. Polykretis P, McCullough PA. Rational harm-bene�t assessments by 
age group are required for continued COVID-19 vaccination. Scand 
J Immunol. 2023;98(1):e13242. https://doi.org/10.1111/sji.13242 

153. Alexander LK, Small JD, Edwards S, Baric RS. An experimental 
model for dilated cardiomyopathy a�er rabbit coronavirus 
infection. J Infect Dis. 1992;166(5):978-985.            .         
https://doi.org/10.1093/infdis/166.5.978 

154. Alexander LK, Keene BW, Yount BL, Geratz JD, Small JD, Baric RS. 
ECG changes a�er rabbit coronavirus infection. J Electrocardiol. 

1999;32(1):21-32. https://doi.org/10.1016/S0022-0736(99)90018-3 
155. Long B, Brady WJ, Koyfman A, Gottlieb M. Cardiovascular 

complications in COVID-19. Am J Emerg Med. 
2020;38(7):1504-1507. https://doi.org/10.1016/j.ajem.2020.04.048 

156. Hudowenz O, Klemm P, Lange U, Rolf A, Schultheiss HP, Hamm 
C, et al. Case report of severe PCR-con�rmed COVID-19 
myocarditis in a European patient manifesting in mid January 
2020. Eur Heart J Case Rep. 2020;4(6):1-6.         .         
https://doi.org/10.1093/ehjcr/ytaa286 

157. Papageorgiou JM, Almroth H, Törnudd M, van der Wal H, 
Varelogianni G, Lawesson SS. Fulminant myocarditis in a 
COVID-19 positive patient treated with mechanical circulatory 
support - a case report. Eur Heart J Case Rep. 2020;5(2):ytaa523. 
https://doi.org/10.1093/ehjcr/ytaa523

158. ACC Underscores Safety of COVID-19 Vaccine. American College 
of Cardiology. 2022. Available on:                   .         
https://www.acc.org/Latest-in-Cardiology/Articles/2022/10/14/15
/13/ACC-Underscores-Safety-of-COVID-19-Vaccine

159. Chung MK, Zidar DA, Bristow MR, Cameron SJ, Chan T, Harding 
CV III, et al. COVID-19 and Cardiovascular Disease: From Bench 
to Bedside. Circ Res. 2021;128(8):1214-1236.            .         
https://doi.org/10.1161/CIRCRESAHA.121.317997 

160. McCarthy C, Li S, Wang TY, Raber I, Sandoval Y, Smilowitz NR, et 
al. Implementation of High-Sensitivity Cardiac Troponin Assays 
in the United States. J Am Coll Cardiol. 2023;81(3):207-219. 
https://doi.org/10.1016/j.jacc.2022.10.017

161. Gottlieb M, Sansom S, Frankenberger C, Ward E, Hota B. Clinical 
Course and Factors Associated with Hospitalization and Critical 
Illness Among COVID-19 Patients in Chicago, Illinois. Acad 
Emerg Med. 2020;27(10):963-973.               .         
https://doi.org/10.1111/acem.14104 

162. Chauin A. �e Main Causes and Mechanisms of Increase in Cardiac 
Troponin Concentrations Other �an Acute Myocardial Infarction 
(Part 1): Physical Exertion, In�ammatory Heart Disease, 
Pulmonary Embolism, Renal Failure, Sepsis. Vasc Health Risk 
Manag. 2021;17:601-617. https://doi.org/10.2147/VHRM.S327661 

163. Chuang AM, Nguyen MT, Kung WM, Lehman S, Chew DP. 
High-sensitivity troponin in chronic kidney disease: Considerations 
in myocardial infarction and beyond. Rev Cardiovasc Med. 
2020;21(2):191-203. https://doi.org/10.31083/J.RCM.2020.02.17 

164. Siripanthong B, Nazarian S, Muser D, Deo R, Santangeli P, Khanji 
MY, et al. Recognizing COVID-19-related myocarditis: �e 
possible pathophysiology and proposed guideline for diagnosis 
and management. Heart Rhythm. 2020;17(9):1463-1471. 
https://doi.org/10.1016/j.hrthm.2020.05.001 

165. Castiello T, Georgiopoulos G, Finocchiaro G, Claudia M, Gianatti 
A, Delialis D, et al. COVID-19 and myocarditis: a systematic 
review and overview of current challenges. Heart Fail Rev. 
2022;27(1):251-261. https://doi.org/10.1007/s10741-021-10087-9 

166. Mele D, Flamigni F, Rapezzi C, Ferrari R. Myocarditis in COVID-19 
patients: current problems. Intern Emerg Med. 2021;16 
(5):1123-1129. https://doi.org/10.1007/s11739-021-02635-w 

167. Alcoba G, Keitel K, Maspoli V, Lacroix L, Manzano S, Gehri M, et 
al. A three-step diagnosis of pediatric pneumonia at the 
emergency department using clinical predictors, C- reactive 
protein, and pneumococcal PCR. Eur J Pediatr. 
2017;176(6):815-824. https://doi.org/10.1007/s00431-017-2913-0

168. Karbalai Saleh S, Oraii A, Soleimani A, Hadadi A, Shajari Z, Montazeri 
M, et al. �e association between cardiac injury and outcomes in 
hospitalized patients with COVID-19. Intern Emerg Med. 
2020;15(8):1415-1424. https://doi.org/10.1007/s11739-020-02466-1

169. Jalali F, Hatami F, Saravi M, Jafaripour I, Hedayati MT, Amin K, et 
al. Characteristics and outcomes of hospitalized patients with 
cardiovascular complications of COVID-19. J Cardiovasc �orac 
Res. 2021;13(4):355-363. https://doi.org/10.34172/jcvtr.2021.53 

170. Held KS. COVID-19 statistics and facts: Meaningful or a means of 
manipulation? J Am Physicians Surg. 2020; 25(3), 70-72. 

https://jpands.org/vol25no3/held.pdf 
171. Tom MR, Mina MJ. To Interpret the SARS-CoV-2 Test, Consider 

the Cycle �reshold Value. Clin Infect Dis. 2020;71(16):2252- 
2254. https://doi.org/10.1093/cid/ciaa619 

172. Doshi P, Powers JH. Determining the Infectious Potential of 
Individuals with Positive Reverse- Transcription Polymerase 
Chain Reaction Severe Acute Respiratory Syndrome Coronavirus 
2 Tests. Clin Infect Dis. 2021;73(11):e3900-e3901.          .         
https://doi.org/10.1093/cid/ciaa1819 

173. Je�erson T, Spencer EA, Brassey J, Heneghan C. Viral Cultures for 
Coronavirus Disease 2019 Infectivity Assessment: A Systematic 
Review. Clin Infect Dis. 2021;73(11):e3884-e3899.      .         
https://doi.org/10.1093/cid/ciaa1764 

174. McLeod D, Martins I, Pelech S, Beck C, Shaw CA. Dispelling the 
myth of a pandemic of the unvaccinated. Int J Vaccine �eory Pract 
Res. 2021; 2(1), 267–286. https://doi.org/10.56098/ijvtpr.v2i1.38 

175. Buitrago-Garcia D, Ipekci AM, Heron L, Imeri H, 
Araujo-Chaveron L, Arevalo-Rodriguez I, et al. Occurrence and 
transmission potential of asymptomatic and presymptomatic 
SARS-CoV-2 infections: Update of a living systematic review and 
meta-analysis. PLoS Med. 2022;19(5):e1003987.      .         
https://doi.org/10.1371/journal.pmed.1003987 

176. Gao W, Lv J, Pang Y, Li LM. Role of asymptomatic and 
pre-symptomatic infections in covid-19 pandemic. BMJ. 
2021;375:n2342. https://doi.org/10.1136/bmj.n2342

177. Bergeri I, Whelan MG, Ware H, Subissi L, Nardone A, Lewis HC, 
et al.; Unity Studies Collaborator Group. Global SARS-CoV-2 
seroprevalence from January 2020 to April 2022: A systematic 
review and meta- analysis of standardized population-based 
studies. PLoS Med. 2022;19(11):e1004107.      .         
https://doi.org/10.1371/journal.pmed.1004107 

178. Azami M, Moradi Y, Moradkhani A, Aghaei A. SARS-CoV-2 
seroprevalence around the world: an updated systematic review 
and meta-analysis. Eur J Med Res. 2022;27(1):81.      .         
https://doi.org/10.1186/s40001-022-00710-2 

179. Kucirka LM, Lauer SA, Laeyendecker O, Boon D, Lessler J. 
Variation in False-Negative Rate of Reverse Transcriptase 
Polymerase Chain Reaction-Based SARS-CoV-2 Tests by Time 
Since Exposure. Ann Intern Med. 2020;173(4):262-267. 
https://doi.org/10.7326/M20-1495 

180. Mina MJ, Parker R, Larremore DB. Rethinking Covid-19 Test 
Sensitivity - A Strategy for Containment. N Engl J Med. 
2020;383(22):e120. https://doi.org/10.1056/NEJMp2025631

181. Caplan A, Bates KW, Brioni C, Santos A, Sabatini LM, Kaul KL, et al. 
Clinical characteristics and viral load dynamics of COVID-19 in a 
mildly or moderately symptomatic outpatient sample. PLoS One. 
2021;16(10):e0258970. https://doi.org/10.1371/journal.pone.0258970 

182. Klein H, Asseo K, Karni N, Benjamini Y, Nir-Paz R, Muszkat M, et 
al. Onset, duration and unresolved symptoms, including smell and 
taste changes, in mild COVID-19 infection: a cohort study in 
Israeli patients. Clin Microbiol Infect. 2021;27(5):769–774. 
https://doi.org/10.1016/j.cmi.2021.02.008 

183. Russell TW, Golding N, Hellewell J, Abbott S, Wright L, Pearson 
CAB, et al. Reconstructing the early global dynamics of 
under-ascertained COVID-19 cases and infections. BMC Med. 
2020;18(1):332. https://doi.org/10.1186/s12916-020-01790-9 

184. Havers FP, Reed C, Lim T, Montgomery JM, Klena JD, Hall AJ, et al. 
Seroprevalence of Antibodies to SARS-CoV-2 in 10 Sites in the 
United States, March 23-May 12, 2020. JAMA Intern Med. 2020;180 
(12):1576-1586. https://doi.org/10.1001/jamainternmed.2020.4130 

185. Estimated COVID-19 Burden. United States Centers for Disease 
Control and Prevention. 2021. Available at:      .         
https://archive.cdc.gov/www_cdc_gov/coronavirus/2019-ncov/ca
ses-updates/burden.html 

186. Ferguson N, Ghani A, Hinsley W, Volz E. Report 50: 
Hospitalisation risk for Omicron cases in England. Imperial 
College London. 2021:1-12. https://doi.org/10.25561/93035 

187. Gaughan C, Massie L, Braunholtz D, Howells T, Fordham E. Coronavirus 
(COVID-19) Infection Survey Technical Article: Cumulative Incidence of 
the Number of People Who Have Tested Positive for COVID-19, UK. 
O�ce for National Statistics. 2023.Available at:          .         
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocial
care/conditionsanddiseases/articles/coronaviruscovid19infectionsurveytec
hnicalarticlecumulativeincidenceo�henumberofpeoplewhohavebeeninfec
tedwithcovid19byvariantandageengland/9february2023 

188. Bourdon PS, Pantazatos SP. Why a major study on myocarditis risk 
following COVID vaccination should not in�uence public-health policy. 
Front. Med. 2023; 10:1126945. https://doi.org/10.3389/fmed.2023.1126945

189. Knudsen B, Prasad V. COVID-19 vaccine induced myocarditis in 
young males: A systematic review. Eur J Clin Invest. 
2023;53(4):e13947. https://doi.org/10.1111/eci.13947 

190. Cordero A, Cazorla D, Escribano D, Quintanilla MA, López-Ayala 
JM, Berbel PP, et al. Myocarditis a�er RNA-based vaccines for 
coronavirus. Int J Cardiol. 2022;353:131-134.           .         
https://doi.org/10.1016/j.ijcard.2022.01.037 

191. Wang M, Wen W, Zhou M, Wang C, Feng ZH. Meta-Analysis of 
Risk of Myocarditis A�er Messenger RNA COVID-19 Vaccine. 
Am J Cardiol. 2022;167:155-157.                    .        
https://doi.org/10.1016/j.amjcard.2021.12.007

192. Kämmerer U, Pekova S, Klement R, Louwen R, Borger P, Steger K. 
RT-PCR test targeting the conserved 5’-UTR of SARS-CoV-2 
overcomes shortcomings of the �rst WHO-recommended 
RT-PCR test. Int J Vaccine �eory Pract Res. 2023; 3(1):818-846. 
https://doi.org/10.56098/ijvtpr.v3i1.71  

193. Franchi F, Tomsic J. Comments on Kämmerer, et al. Regarding 
RT-PCR Testing. Int J Vaccine �eory Pract Res. 2023; 3(1), 
846.1-846.4. https://doi.org/10.56098/ijvtpr.v3i1.82

194. Patterson BK, Yogendra R, Francisco EB, Long E, Pise A, Osgood E, et 
al. Persistence of S1 spike protein in CD16+ monocytes up to 245 days 
in SARS-CoV-2 negative post COVID-19 vaccination individuals with 
post-acute sequalae of COVID-19 (PASC)-like symptoms. medRxiv. 
2024:2024-2103. https://doi.org/10.1101/2024.03.24.24304286 

195. Parry PI, Lefringhausen A, Turni C, Neil CJ, Cosford R, Hudson 
NJ, et al. 'Spikeopathy': COVID-19 Spike Protein Is Pathogenic, 
from Both Virus and Vaccine mRNA. Biomedicines. 
2023;11(8):2287. https://doi.org/10.3390/biomedicines11082287

196. Patel P, �ompson PD. Diagnosing COVID-19 myocarditis in 
athletes using cMRI. Trends Cardiovasc Med. 2022;32(3):146-150. 
https://doi.org/10.1016/j.tcm.2021.12.009 

197. Shave R, George KP, Atkinson G, Hart E, Middleton N, Whyte G, 
et al. Exercise- induced cardiac troponin T release: a 
meta-analysis. Med Sci Sports Exerc. 2007;39(12):2099–2106. 
https://doi.org/10.1249/mss.0b013e318153�78 

198. Małek ŁA, Marczak M, Miłosz-Wieczorek B, Konopka M, Braksator 
W, Drygas W et al. Cardiac involvement in consecutive elite athletes 
recovered from COVID-19: a magnetic resonance study. J Magn 
Reson Imaging. 2021. https://doi.org/10.1002/jmri.27513 

199. Maestrini V, Merghani A, Rosmini S, Cox A, Bulluck H, Culotta V, 
et al. CMR �ndings in high endurance veteran athletes - a 247 
subject study. J Cardiovasc Magn Reson. 2016;18(1):O38. 
https://doi.org/10.1186/1532-429X-18-S1-O38

200. Clark DE, Parikh A, Dendy JM, Diamond AB, George-Durrett K, Fish 
FA, et al. COVID-19 myocardial pathology evaluation in athletes with 
cardiac magnetic resonance (COMPETE CMR). Circulation. 2021;143 
(6):609-612. https://doi.org/10.1161/CIRCULATIONAHA.120.052573

201. Daniels CJ, Rajpal S, Greenshields JT, Rosenthal GL, Chung EH, 
Terrin M, et al. Prevalence of clinical and subclinical myocarditis in 
competitive athletes with recent SARS-CoV-2 infection: results 
from the big ten COVID-19 cardiac registry. JAMA Cardiol. 2021;6 
(9):1078-1087. https://doi.org/10.1001/jamacardio.2021.2065

202. Fenton N, Neil M. Fighting Goliath: Exposing the �awed science 
and statistics behind the COVID-19 event. Sovereign Rights 
Publishing. 2024.

203. Birtolo LI, Di Pietro G, Ciu�reda A, Improta R, Monosilio S, Prosperi 

S, et al. �e impact of vaccination status on post-acute sequelae in 
hospitalized COVID- 19 survivors using a multi-disciplinary 
approach: An observational single center study. Heliyon. 
2024;10(22):e40409. https://doi.org/10.1016/j.heliyon.2024.e40409 

204. Andrews CD, Parker EPK, Horne E, Walker V, Palmer T, Scha�er 
AL, et al. OpenSAFELY: E�ectiveness of COVID-19 vaccination in 
children and adolescents. medRxiv. 2024:2024-2105.      .          
https://doi.org/10.1101/2024.05.20.24306810

205. Boehmer TK, Kompaniyets L, Lavery AM, Hsu J, Ko JY, Yusuf H, 
et al. Association Between COVID-19 and Myocarditis Using 
Hospital-Based Administrative Data - United States, March 
2020-January 2021. MMWR Morb Mortal Wkly Rep. 2021;70(35): 
1228-1232. http://dx.doi.org/10.15585/mmwr.mm7035e5

206. Klement RJ, Walach H. Commentary: raised c-troponin levels as a 
sign of myocardial injury a�er COVID- 19 vaccination in healthy 
individuals are worrying. Egypt Heart J. 2024;76(1):16. 
https://doi.org/10.1186/s43044-024-00441-1

207. Alhussein MM, Rabbani M, Sarak B, Dykstra S, Labib D, Flewitt J, 
et al. Natural history of myocardial injury a�er COVID-19 
vaccine–associated myocarditis. Can J Cardiol. 2022;38(11):1676- 
1683. https://doi.org/10.1016/j.cjca.2022.07.017

208. Nakahara T, Iwabuchi Y, Miyazawa R, Tonda K, Shiga T, Strauss 
HW, et al. Assessment of myocardial 18F-FDG uptake at PET/CT 
in asymptomatic SARS-CoV-2–vaccinated and nonvaccinated 
patients. Radiol. 2023;308(3):e230743.                    .         
https://doi.org/10.1148/radiol.230743

209. Harris KM, Mackey-Bojack S, Bennett M, Nwaudo D, Duncanson 
E, Maron BJ. Sudden unexpected death due to myocarditis in 
young people, including athletes. Am J Cardiol. 2021;143:131-134. 
https://doi.org/10.1016/j.amjcard.2020.12.028

210. Markwerth P, Bajanowski T, Tzimas I, Dettmeyer R. Sudden 
cardiac death—update. Int J Legal Med. 2021;135:483-495. 
https://doi.org/10.1007/s00414-020-02481-z

211. Ammirati E, Frigerio M, Adler ED, Basso C, Birnie DH, Brambatti M, et al. 
Management of acute myocarditis and chronic in�ammatory 
cardiomyopathy: an expert consensus document. Circ Heart Fail. 2020;13 
(11):e007405. https://doi.org/10.1161/CIRCHEARTFAILURE.120.007405

212. McGonagle D, Giryes S. An immunology of coronary atherosclerosis 
and unexplained sudden death in the COVID-19 era. Autoimmun 
Rev. 2024;103642. https://doi.org/10.1016/j.autrev.2024.103642

213. Sousa PM, Silva EA, Campos MA, Lages JS, Corrêa RD, Silva GE. 
Fatal myocarditis following COVID-19 mrna immunization: a 
case report and di�erential diagnosis review. Vaccines. 
2024;12(2):194. https://doi.org/10.3390/vaccines12020194

214. Lynge TH, Nielsen TS, Winkel BG, Tfelt-Hansen J, Banner J. Sudden 
cardiac death caused by myocarditis in persons aged 1–49 years: a 
nationwide study of 14 294 deaths in Denmark. Forensic Sci. Res. 
2019;4(3):247-256. https://doi.org/10.1080/20961790.2019.1595352

215. Ali-Ahmed F, Dalgaard F, Al-Khatib SM. Sudden cardiac death in patients 
with myocarditis: Evaluation, risk strati�cation, and management. Am 
Heart J. 2020;220:29-40. https://doi.org/10.1016/j.ahj.2019.08.007

216. Richter S, Schwab T, Berchthold-Herz M, Beyersdorf F, Schlensak 
C, Bode C, et al. Borderline-Myokarditis als Auslöser für 
therapierefraktäres Kammer�immern. Intensivmed. 2008;45(5): 
287-291. https://doi.org/10.1007/s00390-008-0865-3

217. De Salvia A, De Leo D, Carturan E, Basso C. Sudden cardiac death, 
borderline myocarditis and molecular diagnosis: evidence or 
assumption?. Med Sci Law. 2011;51(1_suppl):27-29.      .         
https://doi.org/10.1258/msl.2010.010056 

218. Makis, W. Personal communications.2024
219. Hulscher N, Cook M, Stricker R, McCullough PA. Excess 

cardiopulmonary arrest and mortality a�er COVID-19 
vaccination in King County, Washington. 2024.            .         
https://www.preprints.org/manuscript/202405.1665/v1 

220. Yeo YH, Wang M, He X, Lv F, Zhang Y, Zu J, et al. Excess risk for 
acute myocardial infarction mortality during the COVID‐19 
pandemic. J Med Virol. 2023;95(1):e28187.                .         

https://doi.org/10.1002/jmv.28187 
221. Martin SS, Aday AW, Almarzooq ZI, Anderson CA, Arora P, Avery CL, et 

al. 2024 heart disease and stroke statistics: a report of US and global data 
from the American Heart Association. Circulation. 2024;149(8):e347-e913. 
https://doi.org/10.1161/CIR.0000000000001209 

222. Janus SE, Makhlouf M, Chahine N, Motairek I, Al-Kindi SG. 
Examining disparities and excess cardiovascular mortality before 
and during the COVID-19 pandemic. Mayo Clin Proc. 2022;97(12): 
2206-2214. https://doi.org/10.1016/j.mayocp.2022.07.008

223. Woodru� RC, Tong X, Khan SS, Shah NS, Jackson SL, Loustalot F, 
et al. Trends in cardiovascular disease mortality rates and excess 
deaths, 2010–2022. Am J Prev Med. 2024;66(4):582-589. 
https://doi.org/10.1016/j.amepre.2023.11.009

224. Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, et al. 
Myocarditis a�er Covid-19 vaccination in a large health care 
organization.  N Engl J Med. 2021;385(23):2132-2139.      .         
https://doi.org/10.1056/NEJMoa2110737

225. Ferreira JP, Machu JL, Girerd N, Jaisser F, �um T, Butler J, et al. 
Rationale of the FIBROTARGETS study designed to identify novel 
biomarkers of myocardial �brosis. ESC Heart Fail. 2018;5(1): 
139-148. https://doi.org/10.1002/ehf2.12218

226. Tzahor E, Poss KD. Cardiac regeneration strategies: staying young 
at heart. Science. 2017;356(6342):1035-1039.        .         
https://doi.org/10.1126/science.aam5894

227. Barmada A, Klein J, Ramaswamy A, Brodsky NN, Jaycox JR, 
Sheikha H, et al. Cytokinopathy with aberrant cytotoxic 
lymphocytes and pro�brotic myeloid response in SARS-CoV-2 
mRNA vaccine–associated myocarditis. Sci Immunol. 2023;8(83): 
eadh3455. https://doi.org/10.1126/sciimmunol.adh3455

228. Yu CK, Tsao S, Ng CW, Chua GT, Chan KL, Shi J, et al. 
Cardiovascular assessment up to one year a�er COVID-19 
vaccine–associated myocarditis. Circ. 2023;148(5):436-439. 
https://doi.org/10.1161/CIRCULATIONAHA.123.064772

229. Brociek E, Tymińska A, Giordani AS, Caforio AL, Wojnicz R, 
Grabowski M, et al. Myocarditis: etiology, pathogenesis, and their 
implications in clinical practice. Biol. 2023;12(6):874. 
https://doi.org/10.3390/biology12060874

230. Jain SS, Anderson SA, Steele JM, Wilson HC, Muniz JC, Soslow 
JH, et al. Cardiac manifestations and outcomes of COVID-19 
vaccine-associated myocarditis in the young in the USA: 
longitudinal results from the Myocarditis A�er COVID 
Vaccination (MACiV) multicenter study. EClinicalMedicine. 
2024;76. https://doi.org/10.1016/j.eclinm.2024.102809

231. Sharma AN, Stultz JR, Bellamkonda N, Amsterdam EA. 
Fulminant myocarditis: epidemiology, pathogenesis, diagnosis, 
and management. Am J Cardiol. 2019;124(12):1954-1960. 
https://doi.org/10.1016/j.amjcard.2019.09.017

232. Chau EM, Chow WH, Chiu CS, Wang E. Treatment and outcome 
of biopsy-proven fulminant myocarditis in adults. Int J Cardiol. 
2006;110(3):405-406. https://doi.org/10.1016/j.ijcard.2005.07.082

233. Jiang J, Wang DW. Follow-Up and Long-Term Prognosis of 
Myocarditis and Fulminant Myocarditis. InFulminant Myocarditis 
2022;277-288.  https://doi.org/10.1007/978-981-19-5759-8_19

234. Lindner D, Fitzek A, Bräuninger H, Aleshcheva G, Edler C, Meissner 
K, et al. Association of cardiac infection with SARS-CoV-2 in 
con�rmed COVID-19 autopsy cases. JAMA Cardiol. 2020;5(11): 
1281-1285. https://doi.org/doi:10.1001/jamacardio.2020.3551

235. Watanabe S, Hama R. SARS-CoV-2 vaccine and increased myocarditis 
mortality risk: A population based comparative study in Japan. 
medRxiv. 2022:2022-10. https://doi.org/10.1101/2022.10.13.22281036

236. Abrams JY, Oster ME, Godfred-Cato SE, Bryant B, Datta SD, Campbell 
AP, et al. Factors linked to severe outcomes in multisystem 
in�ammatory syndrome in children (MIS-C) in the USA: a 
retrospective surveillance study. Lancet Child Adolesc Health. 2021; 
5(5):323-331. https://doi.org/10.1016/S2352-4642(21)00050-X

237. Verma AK, Lavine KJ, Lin CY. Myocarditis a�er Covid-19 mRNA 
vaccination. N Engl J Med. 2021;385(14):1332-1334.      .         

https://www.nejm.org/doi/full/10.1056/NEJMc2109975
238. Shime M, Nozaki Y, Morita A, Ishiodori T, Murakami T, Yamasaki 

H, et al. Life‐threatening severe acute respiratory syndrome 
coronavirus‐2 mRNA vaccine‐associated myocarditis a�er 
COVID‐19 myocarditis. J Paediatr Child Health. 2023;59(12). 
https://doi.org/10.1111/jpc.16498

239. Takada K, Taguchi K, Samura M, Igarashi Y, Okamoto Y, Enoki Y, 
et al. SARS-CoV-2 mRNA vaccine-related myocarditis and 
pericarditis: An analysis of the Japanese Adverse Drug Event 
Report database. J Infect Chemother. 2025;31(1):102485. 
https://doi.org/10.1016/j.jiac.2024.07.025

240. Husby A, Gulseth HL, Hovi P, Hansen JV, Pihlström N, Gunnes N, et al. 
Clinical outcomes of myocarditis a�er SARS-CoV-2 mRNA vaccination 
in four Nordic countries: population-based cohort study. BMJ Med. 
2023;2(1):e000373. https://doi.org/10.1136/bmjmed-2022-000373

241. Adab P, Haroon S, O’Hara ME, Jordan RE. Comorbidities and 
covid-19. Bmj. 2022;377. https://doi.org/10.1136/bmj.o1431

242. Dominguez LJ, Barbagallo M. �e biology of the metabolic 
syndrome and aging. Curr Opin Clin Nutr Metab Care. 2016; 
19(1):5-11. https://doi.org/10.1097/MCO.0000000000000243

243. Al-So�ani ME, Ganji SS, Kalyani RR. Body composition changes 
in diabetes and aging. J Diabetes Complications. 2019;33(6): 
451-459. https://doi.org/10.1016/j.jdiacomp.2019.03.007

244. Kruglikov IL, Shah M, Scherer PE. Obesity and diabetes as 
comorbidities for COVID-19: Underlying mechanisms and the 
role of viral–bacterial interactions. Elife. 2020;9:e61330. 
https://doi.org/10.7554/eLife.61330

245. Shah H, Khan MS, Dhurandhar NV, Hegde V. �e triumvirate: 
why hypertension, obesity, and diabetes are risk factors for adverse 
e�ects in patients with COVID-19. Acta Diabetol. 2021;58(7): 
831-843. https://doi.org/10.1007/s00592-020-01636-z

246. Yanez ND, Weiss NS, Romand JA, Treggiari MM. COVID-19 
mortality risk for older men and women. BMC public health. 
2020;20(1):1742. https://doi.org/10.1186/s12889-020-09826-8

247. Schumacher AE, Kyu HH, Aali A, Abbafati C, Abbas J, 
Abbasgholizadeh R, et al. Global age-sex-speci�c mortality, life 
expectancy, and population estimates in 204 countries and 
territories and 811 subnational locations, 1950–2021, and the 
impact of the COVID-19 pandemic: a comprehensive 
demographic analysis for the Global Burden of Disease Study 
2021. �e Lancet. 2024;403(10440):1989-2056.           .         
https://doi.org/10.1016/S0140-6736(24)00476-8

248. Massoullié G, Boyer B, Sapin V, Jean F, Andronache M, Peoc’h M, 
et al. Sudden cardiac death risk in contact sports increased by 
myocarditis: a case series. Eur Heart J. 2021;5(3):ytab054. 
https://doi.org/10.1093/ehjcr/ytab054

249. Bohm P, Scharhag J, Egger F, Tischer KH, Niederseer D, Schmied C, 
et al. Sports-related sudden cardiac arrest in Germany. Can J Cardiol. 
2021;37(1):105-112. https://doi.org/10.1016/j.cjca.2020.03.021 

250. P�zer biodistribution con�dential document translated to 
English.2022. Available at                            .         
https://www.naturalnews.com/�les/P�zer-bio-distribution-con�d
ential-document-translated-to-english.pdf 

251. Kanczkowski W, Evert K, Stadtmüller M, Haberecker M, Laks L, Chen LS, et 
al. COVID-19 targets human adrenal glands. Lancet Diabetes Endocrinol. 
2022;10(1):13-16. https://doi.org/10.1016/S2213-8587(21)00291-6

252. Sheppard MN, Westaby J, Zullo E, Fernandez BV, Cox S, Cox A. 
Sudden arrhythmic death and cardiomyopathy are important 
causes of sudden cardiac death in the UK: results from a national 
coronial autopsy database. Histopathol. 2023;82(7):1056-1066. 
https://doi.org/10.1111/his.14889

253. Healy J, Youssef AM, Sawant S, Orchard JJ, Rehan R, Van Vuuren 
R, et al. Trends in sudden unexpected deaths in an Australian 
population: Impact of the COVID-19 pandemic. Heart Lung Circ. 
2024;33(12):1693-1698. https://doi.org/10.1016/j.hlc.2024.07.009

254. Smith J, Schrader S, Morgan H, Shenton P, Alafaci A, Cox N, et al. 
Clinical phenotype of COVID‐19 vaccine‐associated myocarditis 

in Victoria, 2021–22: a cross‐sectional study. Med J Aust. 
2025;222(1):23-29. https://doi.org/10.5694/mja2.52557

255. Sennfält S, Norrving B, Petersson J, Ullberg T. Long-term survival 
and function a�er stroke: a longitudinal observational study from 
the Swedish Stroke Register. Stroke. 2019;50(1):53-61. 
https://doi.org/10.1161/STROKEAHA.118.022913

256. Yazdanfard PD, Christensen AH, Tfelt-Hansen J, Bundgaard H, 
Winkel BG. Non-diagnostic autopsy �ndings in sudden 
unexplained death victims. BMC Cardiovasc Disord. 2020;20:1-7. 
https://doi.org/10.1186/s12872-020-01361-z

257. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil 
AC, et al. Remdesivir for the treatment of Covid-19—preliminary 
report. N Engl J Med. 2020;383(19):1813-1836.        .         
https://doi.org/10.1056/NEJMoa2007764

258. Nina Youngstrom. CMS Hikes Payment for COVID-19 Inpatients 
Treated With New Drugs, Links it to 20% Bonus. J.D.Supra. Health 
Care Compliance Association. 2020. Available at      .         
https://www.jdsupra.com/legalnews/cms-hikes-payment-for-covi
d-19-19452/

259. Wang Y, Zhang D, Du G, Du R, Zhao J, Jin Y, et al. Remdesivir in 
adults with severe COVID-19: a randomised, double-blind, 
placebo-controlled, multicentre trial. �e Lancet. 2020;395(10236): 
1569-1578. https://doi.org/10.1016/S0140-6736(20)31022-9

260. Kwok M, Lee C, Li HS, Deng R, Tsoi C, Ding Q, et al. Remdesivir 
induces persistent mitochondrial and structural damage in human 
induced pluripotent stem cell-derived cardiomyocytes. Cardiovasc 
Res. 2022;118(12):2652-2664. https://doi.org/10.1093/cvr/cvab311

261. Gholipour M, Samidoost P, Moayerifar M, Ghasemzadeh G. A case report 
of QTc prolongation: Drug induced or myocarditis in Severe Acute 
Respiratory Syndrome Coronavirus 2. SAGE Open Med Case Rep. 2024; 
12:2050313X241233432. https://doi.org/10.1177/2050313X241233432

262. Harbi S, AlFai� M, Al-Dorzi HM, Aljuhani O, Alenazi AA, Alalawi 
M, et al. A case report on the association between QTc prolongation 
and remdesivir therapy in a critically ill patient. IDCases. 
2022;29:e01572. https://doi.org/10.1016/j.idcr.2022.e01572

263. Nabati M, Parsaee H. Potential cardiotoxic e�ects of remdesivir on 
cardiovascular system: a literature review. Cardiovasc. Toxicol. 
2022;22(3):268-272. https://doi.org/10.1007/s12012-021-09703-9

264. Tian E, Cosme C, Bauzon J, Batra K, Azar F, Schreiber A. 
Remdesivir-associated bradycardia in COVID-19: a rapid review 
protocol. BMJ open. 2023;13(5):e068564.          .          
https://doi.org/10.1136/bmjopen-2022-068564

265. Krauson AJ, Casimero FV, Siddiquee Z, Stone JR. Duration of 
SARS-CoV-2 mRNA vaccine persistence and factors associated with 
cardiac involvement in recently vaccinated patients. NPJ Vaccines. 
2023;8(1):141. https://doi.org/10.1038/s41541-023-00742-7

266. Baumeier C, Aleshcheva G, Harms D, Gross U, Hamm C, Assmus 
B, et al. Intramyocardial in�ammation a�er COVID-19 
vaccination: an endomyocardial biopsy-proven case series. Int J 
Mol Sci. 2022;23(13):6940. https://doi.org/10.3390/ijms23136940

267. Schreckenberg R, Woitasky N, Itani N, Czech L, Ferdinandy P, 
Schulz R. Cardiac side e�ects of RNA‐based SARS‐CoV‐2 vaccines: 
hidden cardiotoxic e�ects of mRNA‐1273 and BNT162b2 on 
ventricular myocyte function and structure. Br J Pharmacol. 
2024;181(3):345-361. https://doi.org/10.1111/bph.16262

268. Vaccine side e�ects. U.S. Department of Health & Human 
Services. 2022. Retrieved on 2024. Available at          .         
https://www.hhs.gov/immunization/basics/safety/side-e�ects/index.html

269. Singer ME, Taub IB, Kaelber DC. Risk of myocarditis from COVID-19 
infection in people under age 20: a population-based analysis. 
MedRxiv. 2021:2021-07. https://doi.org/10.1101/2021.07.23.21260998

270. Funk PR, Yogurtcu ON, Forshee RA, Anderson SA, Marks PW, 
Yang H. Bene�t-risk assessment of COVID-19 vaccine, mRNA 
(Comirnaty) for age 16–29 years. Vaccine. 2022;40(19):2781-2789. 
https://doi.org/10.1016/j.vaccine.2022.03.030

271. Yogurtcu ON, Funk PR, Forshee RA, Anderson SA, Marks PW, 
Yang H. Bene�t-risk assessment of covid-19 vaccine, MRNA 

(MRNA-1273) for males age 18–64 years. Vaccine: X. 
2023;14:100325. https://doi.org/10.1016/j.jvacx.2023.100325

272. Doshi P. Revolving doors: board memberships, hedge funds, and 
the FDA chiefs responsible for regulating industry. BMJ. 
2024;385:q975. https://doi.org/10.1136/bmj.q975

273. Deyo RA. Gaps, tensions, and con�icts in the FDA approval 
process: implications for clinical practice. J Am Board Fam Pract. 
2004;17(2):142-149.  https://doi.org/10.3122/jabfm.17.2.142

274. Adams B. Moderna nabs a BARDA billion as it kick-starts 
late-stage pandemic vaccine test. 2022. Available at      .         
https://www.�ercebiotech.com/biotech/moderna-nabs-a-barda-bi
llion-as-its-kickstarts-late-stage-pandemic-vaccine-test

275. Lalani HS, Nagar S, Sarpatwari A, Barenie RE, Avorn J, Rome BN, 
et al. US public investment in development of mRNA covid-19 
vaccines: retrospective cohort study. BMJ. 2023;380.      .         
https://doi.org/10.1136/bmj-2022-073747

276. Webb NE, Osburn TS. Characteristics of hospitalized children 
positive for SARS-CoV-2: experience of a large center. Hosp Pediatr. 
2021;11(8):e133-141. https://doi.org/10.1542/hpeds.2021-005919

277. Kushner LE, Schroeder AR, Kim J, Mathew R. “For COVID” or 
“With COVID”: classi�cation of SARS-CoV-2 hospitalizations in 
children. Hosp Pediatr. 2021;11(8):e151-156.              .         
https://doi.org/10.1542/hpeds.2021-006001

278. Drouin O, Hepburn CM, Farrar DS, Baerg K, Chan K, Cyr C, et al. 
Characteristics of children admitted to hospital with acute 
SARS-CoV-2 infection in Canada in 2020. Cmaj. 
2021;193(38):E1483-1493.  https://doi.org/10.1503/cmaj.210053

279. Havers FP. Hospitalization of adolescents aged 12–17 years with 
laboratory-con�rmed COVID-19—COVID-NET, 14 states, 
March 1, 2020–April 24, 2021. MMWR Morb Mortal Wkly Rep. 
2021;70(23):851-857. https://doi.org/10.15585/mmwr.mm7023e1

280. Altarawneh H, Chemaitelly H, Tang P, Hasan MR, Qassim S, 
Ayoub HH, et al. Protection a�orded by prior infection against 
SARS-CoV-2 reinfection with the Omicron variant. MedRxiv. 
2022:2022-01. https://doi.org/10.1056/NEJMc2200133

281. Gazit S, Shlezinger R, Perez G, Lotan R, Peretz A, Ben-Tov A, et al. 
Comparing SARS-CoV-2 natural immunity to vaccine-induced 
immunity: reinfections versus breakthrough infections. MedRxiv. 2021. 
https://www.medrxiv.org/content/10.1101/2021.08.24.21262415v1

282. Coronavirus (COVID‐19) Infection Survey, characteristics of people testing 
positive for COVID‐19, UK: 17. O�ce of National Statistics. 2021. Available at 
https://www.ons.gov.uk/releases/coronaviruscovid19infectionsurvey
characteristicsofpeopletestingpositiveforcovid19uk17november2021

283. León TM. COVID-19 cases and hospitalizations by COVID-19 
vaccination status and previous COVID-19 diagnosis—California and 
New York, May–November 2021. MMWR Morb Mortal Wkly Rep. 
2022;71(4):125-131. http://dx.doi.org/10.15585/mmwr.mm7104e1

284. Pezzullo AM, Axfors C, Contopoulos-Ioannidis DG, Apostolatos 
A, Ioannidis JP. Age-strati�ed infection fatality rate of COVID-19 
in the non-elderly population. Environ Res. 2023;216:114655. 
https://doi.org/10.1016/j.envres.2022.114655

285. Baral S, Chandler R, Prieto RG, Gupta S, Mishra S, Kulldor� M. 
Leveraging epidemiological principles to evaluate Sweden’s 
COVID-19 response. Ann Epidemiol. 2020;54:21.      .         
https://doi.org/10.1016/j.annepidem.2020.11.005

286. Islam N, Shkolnikov VM, Acosta RJ, Klimkin I, Kawachi I, Irizarry 
RA, et al. Excess deaths associated with covid-19 pandemic in 
2020: age and sex disaggregated time series analysis in 29 high 
income countries. bmj. 2021;373:n1137.               .         
https://doi.org/10.1136/bmj.n1137

287. �ornley S, Morris AJ, Sundborn G, Bailey S. How fatal is 
COVID-19 compared with seasonal in�uenza? �e devil is in the 
detail. BMJ. 2020;371:m3883. 2020.

288. Turner JS, Kim W, Kalaidina E, Goss CW, Rauseo AM, Schmitz AJ, 
et al. SARS-CoV-2 infection induces long-lived bone marrow 
plasma cells in humans. Nature. 2021;595(7867):421-425. 
https://doi.org/10.1038/s41586-021-03647-4

289. Wang Z, Yang X, Zhong J, Zhou Y, Tang Z, Zhou H, et al. Exposure 
to SARS-CoV-2 generates T-cell memory in the absence of a 
detectable viral infection. Nat Commun. 2021;12(1):1724. 
https://doi.org/10.1038/s41467-021-22036-z

290. Reynolds CJ, Pade C, Gibbons JM, Otter AD, Lin KM, Muñoz 
Sandoval D, et al. Immune boosting by B. 1.1. 529 (Omicron) 
depends on previous SARS-CoV-2 exposure. Science. 
2022;377(6603) :eabq1841. https://doi.org/10.1126/science.abq1841

291. Patalon T, Saciuk Y, Perez G, Peretz A, Ben-Tov A, Gazit S. Dynamics 
of naturally acquired immunity against severe acute respiratory 
syndrome coronavirus 2 in children and adolescents. J Pediatr. 
2023;257:113371. https://doi.org/10.1016/j.jpeds.2023.02.016

292. Jeet Kaur R, Dutta S, Charan J, Bhardwaj P, Tandon A, Yadav D, et 
al. Cardiovascular adverse events reported from COVID-19 
vaccines: a study based on WHO database. Int J Gen Med. 
2021;3909-3927. https://doi.org/10.2147/IJGM.S324349

293. Oster ME, Shay DK, Su JR, Gee J, Creech CB, Broder KR, et al. 
Myocarditis cases reported a�er mRNA-based COVID-19 
vaccination in the US from December 2020 to August 2021. 
2022;327(4):331-340. https://doi.org/10.1001/jama.2021.24110

294. Shiravi AA, Ardekani A, Sheikhbahaei E, Heshmat-Ghahdarijani K. 
Cardiovascular complications of SARS-CoV-2 vaccines: an overview. 
Cardiol �er. 2022:1-9. https://doi.org/10.1007/s40119-021-00248-0

295. Bardosh K, Krug A, Jamrozik E, Lemmens T, Keshavjee S, Prasad V, et 
al. COVID-19 vaccine boosters for young adults: a risk bene�t 
assessment and ethical analysis of mandate policies at universities. J Med 
Ethics. 2024;50(2):126-138. https://doi.org/10.1136/jme-2022-108449

296. Wallace M, Rosenblum HG, Moulia DL, Broder KR, Shimabukuro 
TT, Taylor CA, et al. A summary of the Advisory Committee for 
Immunization Practices (ACIP) use of a bene�t-risk assessment 
framework during the �rst year of COVID-19 vaccine 
administration in the United States. Vaccine. 2023;41(44): 
6456-6467. https://doi.org/10.1016/j.vaccine.2023.07.037

297. Shiri T, Evans M, Talarico CA, Morgan AR, Mussad M, Buck PO, et al. �e 
population-wide risk-bene�t pro�le of extending the primary COVID-19 
vaccine course compared with an mRNA booster dose program. 
Vaccines. 2022;10(2):140. https://doi.org/10.3390/vaccines10020140

298. Block JP. Cardiac complications a�er SARS-CoV-2 infection and 
mRNA COVID-19 vaccination—PCORnet, United States, january 
2021–January 2022. MMWR Morb Mortal Wkly. 2022;71(14): 
517-523. http://dx.doi.org/10.15585/mmwr.mm7114e1

299. Wong HL, Hu M, Zhou CK, Lloyd PC, Amend KL, Beachler DC, et al. Risk 
of myocarditis and pericarditis a�er the COVID-19 mRNA vaccination in 
the USA: a cohort study in claims databases. �e Lancet. 2022; 
399(10342):2191-2199. https://doi.org/10.1016/S0140-6736(22)00791-7

300. Naveed Z, Li J, Wilton J, Spencer M, Naus M, Velásquez García 
HA, et al. Comparative risk of myocarditis/pericarditis following 
second doses of BNT162b2 and mRNA-1273 coronavirus 
vaccines. J Am Coll Cardiol. 2022;80(20):1900-1908. 
https://doi.org/10.1016/j.jacc.2022.08.799

301. Dickerman BA, Gerlovin H, Madenci AL, Kurgansky KE, Ferolito 
BR, Figueroa Muñiz MJ, et al. Comparative e�ectiveness of 
BNT162b2 and mRNA-1273 vaccines in US veterans. N Engl J Med. 
2022;386(2):105-115. https://doi.org/10.1056/NEJMoa2115463

302. Brisotto G, Montico M, Turetta M, Zanussi S, Cozzi MR, Vettori R, 
et al. Integration of Cellular and Humoral Immune Responses as 
an Immunomonitoring Tool for SARS-CoV-2 Vaccination in 
Healthy and Fragile Subjects. Viruses. 2023;15(6):1276. 
https://doi.org/10.3390/v15061276 

303. Debes AK, Xiao S, Colantuoni E, Egbert ER, Caturegli P, Gadala A, 
et al. Association of vaccine type and prior SARS-CoV-2 infection 
with symptoms and antibody measurements following vaccination 
among health care workers. JAMA Intern Med. 2021;181(12): 
1660-1662. https://doi.org/10.1001/jamainternmed.2021.4580

304. Kobashi Y, Shimazu Y, Kawamura T, Nishikawa Y, Omata F, Kaneko 
Y, et al. Factors associated with anti-severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) spike protein antibody 

correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 

titer and neutralizing activity among healthcare workers following 
vaccination with the BNT162b2 vaccine. PLoS One. 2022; 
17(6):e0269917. https://doi.org/10.1371/journal.pone.0269917

305. Levy I, Levin EG, Olmer L, Regev-Yochay G, Agmon-Levin N, 
Wieder-Finesod A, et al. Correlation between adverse events and 
antibody titers among healthcare workers vaccinated with 
BNT162b2 mRNA COVID-19 vaccine. Vaccines. 2022;10(8):1220. 
https://doi.org/10.3390/vaccines10081220

306. Naaber P, Tserel L, Kangro K, Sepp E, Jürjenson V, Adamson A, et 
al. Dynamics of antibody response to BNT162b2 vaccine a�er six 
months: a longitudinal prospective study. Lancet Reg Health Eur. 
2021;10. https://doi.org/10.1016/j.lanepe.2021.100208

307. Pozdnyakova V, Weber B, Cheng S, Ebinger JE. Review of immunologic 
manifestations of COVID-19 infection and vaccination. Cardiol Clin. 
2022;40(3):301-308. https://doi.org/10.1016/j.ccl.2022.03.006

308. Rechavi Y, Shashar M, Lellouche J, Yana M, Yakubovich D, Sharon 
N. Occurrence of BNT162b2 vaccine adverse reactions is 
associated with enhanced SARS-CoV-2 IgG antibody response. 
Vaccines. 2021;9(9):977. https://doi.org/10.3390/vaccines9090977

309. Takeuchi M, Higa Y, Esaki A, Nabeshima Y, Nakazono A. Does 
reactogenicity a�er a second injection of the BNT162b2 vaccine predict 
spike IgG antibody levels in healthy Japanese subjects? PloS one. 
2021;16(9):e0257668. https://doi.org/10.1371/journal.pone.0257668

310. Uwamino Y, Kurafuji T, Sato Y, Tomita Y, Shibata A, Tanabe A, et 
al. Young age, female sex, and presence of systemic adverse 
reactions are associated with high post-vaccination antibody titer 
a�er two doses of BNT162b2 mRNA SARS-CoV-2 vaccination: 
An observational study of 646 Japanese healthcare workers and 
university sta�. Vaccine. 2022;40(7):1019-25.       .         
https://doi.org/10.1016/j.vaccine.2022.01.002

311. Bonanad C, García-Blas S, Tarazona-Santabalbina F, Sanchis J, 
Bertomeu-González V, et al. �e E�ect of Age on Mortality in 
Patients With COVID-19: A Meta-Analysis With 611,583 
Subjects. J Am Med Dir Assoc. 2020;21(7):915-918.      .         
https://doi.org/10.1016/j.jamda.2020.05.045

312. Franceschi C, Garagnani P, Parini P, Giuliani C, Santoro A. 
In�ammaging: a new immune-metabolic viewpoint for age- 
related diseases. Nat Rev Endocrinol. 2018;14(10):576-590. 
https://doi.org/10.1038/s41574-018-0059-4

313. Kytö V, Sipilä J, Rautava P. �e e�ects of gender and age on occurrence 
of clinically suspected myocarditis in adulthood. Heart. 2013; 
99(22):1681-1684. https://doi.org/10.1136/heartjnl-2013-304449 

314. Semenzato L, Le Vu S, Botton J, Bertrand M, Jabagi MJ, Drouin J, 
et al. Long-term prognosis of patients with myocarditis attributed 
to COVID-19 mRNA vaccination, SARS-CoV-2 infection, or 
conventional etiologies. JAMA. 2024 Oct;332(16):1367-77. 
https://doi.org/10.1001/jama.2024.16380

315. Jones JM, Stone M, Sulaeman H, Fink RV, Dave H, Levy ME, et al. 
Estimated US infection-and vaccine-induced SARS-CoV-2 
seroprevalence based on blood donations, July 2020-May 2021. Jama. 
2021;326(14):1400-1409. https://doi.org/10.1001/jama.2021.15161

316. Bobrovitz N, Arora RK, Cao C, Boucher E, Liu M, Donnici C, et al. 
Global seroprevalence of SARS-CoV-2 antibodies: A systematic 
review and meta-analysis. PLoS One. 2021;16(6):e0252617. 
https://doi.org/10.1371/journal.pone.0252617

317. Heinz FX, Stiasny K. Distinguishing features of current 
COVID-19 vaccines: knowns and unknowns of antigen 
presentation and modes of action. NPJ Vaccines. 2021;6(1):104. 
https://doi.org/10.1038/s41541-021-00369-6

318. Brogna C, Cristoni S, Marino G, Montano L, Viduto V, Fabrowski 
M, et al. Detection of recombinant Spike protein in the blood of 
individuals vaccinated against SARS‐CoV‐2: Possible molecular 
mechanisms. Proteomics Clin Appl. 2023;17(6):2300048.      .         
https://doi.org/10.1002/prca.202300048

319. Patterson BK, Yogendra R, Francisco EB, Long E, Pise A, Osgood E, et 
al. Persistence of S1 spike protein in CD16+ monocytes up to 245 days 
in SARS-CoV-2 negative post COVID-19 vaccination individuals 

with post-acute sequalae of COVID-19 (PASC)-like symptoms. 
medRxiv. 2024:2024-03. https://doi.org/10.1101/2024.03.24.24304286

320. Nance KD, Meier JL. Modi�cations in an Emergency: �e Role of 
N1-Methylpseudouridine in COVID-19 Vaccines. ACS Cent Sci. 
2021;7(5):748-756. Available at               .         
https://pubs.acs.org/doi/full/10.1021/acscentsci.1c00197

321. Trougakos IP, Terpos E, Alexopoulos H, Politou M, Paraskevis D, 
Scorilas A, et al. Adverse e�ects of COVID-19 mRNA vaccines: the 
spike hypothesis. Trends Mol Med. 2022;28(7):542-554. 
https://doi.org/10.1016/j.molmed.2022.04.007

322. Acevedo-Whitehouse K, Bruno R. Potential health risks of 
mRNA-based vaccine therapy: A hypothesis. Med Hypotheses. 
2023;171:111015. https://doi.org/10.1016/j.mehy.2023.111015

323. Qin Z, Bouteau A, Herbst C, Igyártó BZ. Pre-exposure to 
mRNA-LNP inhibits adaptive immune responses and alters innate 
immune �tness in an inheritable fashion. PLoS Pathog. 2022;18(9): 
e1010830. https://doi.org/10.1371/journal.ppat.1010830

324. Klingel H, Krüttgen A, Imöhl M, Kleines M. Humoral immune 
response to SARS-CoV-2 mRNA vaccines is associated with choice 
of vaccine and systemic adverse reactions. Clin Exp Vaccine Res. 
2023;12(1):60-69. https://doi.org/10.7774/cevr.2023.12.1.60 

325. Giannotta G, Murrone A, Giannotta N. COVID-19 mRNA 
Vaccines: �e Molecular Basis of Some Adverse Events. Vaccines. 
2023;11(4):747.  https://doi.org/10.3390/vaccines11040747

326. Ndeupen S, Qin Z, Jacobsen S, Bouteau A, Estanbouli H, Igyártó 
BZ. �e mRNA-LNP platform's lipid nanoparticle component 
used in preclinical vaccine studies is highly in�ammatory. 
Iscience. 2021 ;24(12). https://doi.org/10.1016/j.isci.2021.103479

327. Seo J, Lee J, Kim S, Lee M, Yang H. Lipid polysaccharides have a 
detrimental e�ect on the function of the ovaries and uterus in mice 
through increased pro-in�ammatory cytokines. Dev Reprod. 
2022;26(4):135. https://doi.org/10.12717/DR.2022.26.4.135

328. Sriwastava S, Sharma K, Khalid SH, Bhansali S, Shrestha AK, 
Elkhooly M, et al. COVID-19 vaccination and neurological 
manifestations: a review of case reports and case series. Brain Sci. 
2022;12(3):407. https://doi.org/10.3390/brainsci12030407

329. Vogrig A, Tartaglia S, Dentoni M, Fabris M, Bax F, Belluzzo M, et 
al. Central nervous system immune-related disorders a�er 
SARS-CoV-2 vaccination: a multicenter study. Front Immunol. 
2024;15:1344184. https://doi.org/10.3389/�mmu.2024.1344184

330. Schinas G, Polyzou E, Dimakopoulou V, Tsoupra S, Gogos C, 
Akinosoglou K. Immune-mediated liver injury following 
COVID-19 vaccination. World J Virol. 2023;12(2):100-108. 
https://doi.org/10.5501/wjv.v12.i2.100

331. Awaya T, Moroi M, Enomoto Y, Kunimasa T, Nakamura M. What 
should we do a�er the COVID-19 vaccination? vaccine-associated 
diseases and precautionary measures against adverse reactions. 
Vaccines. 2022;10(6):866. https://doi.org/10.3390/vaccines10060866

332. Zagorec N, Horvatić I, Šenjug P, Horaček M, Ljubanović DG, 
Galešić K. Immune-mediated diseases a�er coronavirus disease 
2019 vaccination: rare but important complication. Croat Med J. 
2022;63(4):389. https://doi.org/10.3325/cmj.2022.63.389

333. Franchini M, Liumbruno GM, Pezzo M. COVID‐19 
Vaccine‐associated Immune �rombosis and �rombocytopenia 
(VITT): diagnostic and therapeutic recommendations for a new 
syndrome. Eur J Haematol. 2021;107(2):173-180.      .         
https://doi.org/10.1111/ejh.13665

334. Sadat Larijani M, Sorouri R, Eybpoosh S, Doroud D, Moradi L, 
Ahmadinezhad M, et al. Assessment of long-term adverse events 
regarding di�erent COVID-19 vaccine regimens within an 
18-month follow-up study. Pathog Dis. 2023;81:�ad010. 
https://doi.org/10.1093/femspd/�ad010

335. Kim KQ, Burgute BD, Tzeng SC, Jing C, Jungers C, Zhang J, et al. 
N1-methylpseudouridine found within COVID-19 mRNA 
vaccines produces faithful protein products. Cell Rep. 2022;40(9). 
https://doi.org/10.1016/j.celrep.2022.111300

336. König B, Kirchner JO. Methodological considerations regarding 

the quanti�cation of DNA impurities in the covid-19 mRNA 
vaccine comirnaty®. Methods and Protocols. 2024;7(3):41. 
https://doi.org/10.3390/mps7030041

337. Alblaihed L, Huis In't Veld MA. Allergic Acute Coronary 
Syndrome-Kounis Syndrome. Emergency medicine clinics of North 
America. 2021;40(1):69-78. https://doi.org/10.1016/j.emc.2021.08.010

338. Kounis NG, Koniari I, Kouni S, Mplani V, Velissaris D, Plotas P, et 
al. Rare acute hypersensitivity myocardial infarction (Kounis 
syndrome) and hypersensitivity myocarditis following COVID-19 
vaccination. QJM: An International Journal of Medicine. 
2023;116(1):81-82. https://doi.org/10.1093/qjmed/hcac021

339. Yonker LM, Swank Z, Bartsch YC, Burns MD, Kane A, Boribong 
BP, et al. Circulating spike protein detected in post–COVID-19 
mRNA vaccine myocarditis. Circulation. 2023;147(11):867-876. 
https://doi.org/10.1161/CIRCULATIONAHA.122.061025

340. Bozkurt B. Shedding light on mechanisms of myocarditis with 
COVID-19 mRNA vaccines. Circulation. 2023;147(11):877-880. 
https://doi.org/10.1161/CIRCULATIONAHA.123.063396

341. Kim N, Jung Y, Nam M, Sun Kang M, Lee MK, Cho Y, et al. 
Angiotensin II a�ects in�ammation mechanisms via AMPK-related 
signalling pathways in HL-1 atrial myocytes. Sci Rep. 2017;7 
(1):10328. https://doi.org/10.1038/s41598-017-09675-3t

Int. J. Cardiovasc. Res. Innov., 2025, 1, 1-43 © Reseapro Journals 2025
https://doi.org/10.61577/ijcri.2025.100001

INTERNATIONAL JOURNAL OF CARDIOVASCULAR RESEARCH & INNOVATION
2025, VOL. 3, ISSUE 1

34



Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.

Disclosure statement 
�e authors declare that they have no competing interests.

References
1. Perkins D, Wilkins R, Kerr R, Greiner B, Hartwell M. Public interest 

in myocarditis during the sars-CoV-2 pandemic. Disaster Med Public 
Health Prep. 2023;17:e349. https://doi.org/10.1017/dmp.2022.307

2. Sularz AK, Hua A, Ismail T. SARS-CoV-2 vaccines and myocarditis. Clin 
Med. 2023;23(5):495-502. https://doi.org/10.7861/clinmed.2023-0049 

3. Liao YF, Tseng WC, Wang JK, Chen YS, Chen CA, Lin MT, et al. 
Management of cardiovascular symptoms a�er P�zer-BioNTech 
COVID-19 vaccine in teenagers in the emergency department. J 
Formos Med Assoc. 2023;122(8):699-706.              .               
.https://doi.org/10.1016/j.jfma.2022.12.004 

4. Rosner CM, Genovese L, Tehrani BN, Atkins M, Bakhshi H, 
Chaudhri S, et al. Myocarditis temporally associated with 
COVID-19 vaccination. Circulation. 2021;144(6):502-505.      .         
https://doi.org/10.1161/CIRCULATIONAHA.121.055891 

5. Caforio AL, Pankuweit S, Arbustini E, Basso C, Gimeno-Blanes J, 
Felix SB, et al. Current state of knowledge on aetiology, diagnosis, 
management, and therapy of myocarditis: a position statement of 
the European Society of Cardiology Working Group on 
Myocardial and Pericardial Diseases. Eur Heart J. 2013;34(33): 
2636-2648. https://doi.org/10.1093/eurheartj/eht210 

6. Berg J, Kottwitz J, Baltensperger N, Kissel CK, Lovrinovic M, 
Mehra T, et al. Cardiac magnetic resonance imaging in 
myocarditis reveals persistent disease activity despite 
normalization of cardiac enzymes and in�ammatory parameters 
at 3-month follow-up. Circ Heart Fail. 2017;10(11):e004262. 
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004262 

7. Lurz P, Eitel I, Klieme B, Luecke C, De Waha S, Desch S, et al. �e 
potential additional diagnostic value of assessing for pericardial 
e�usion on cardiac magnetic resonance imaging in patients with 
suspected myocarditis. Eur Heart J Cardiovasc Imaging. 2014;15 
(6):643-650. https://doi.org/10.1093/ehjci/jet267 

8. Spotts PH, Zhou F. Myocarditis and Pericarditis. Prim Care. 
2023;51(1):111-124. https://doi.org/10.1016/j.pop.2023.07.006 

9. Sagar S, Liu PP, Cooper LT. Myocarditis. Lancet. 2012;379(9817): 
738-747. https://doi.org/10.1016/S0140-6736(11)60648-X 

10. Su JR, McNeil MM, Welsh KJ, Marquez PL, Ng C, Yan M, et al. 
Myopericarditis a�er vaccination, vaccine adverse event reporting 
system (VAERS), 1990–2018. Vaccine. 2021;39(5):839-845. 
https://doi.org/10.1016/j.vaccine.2020.12.046

11. Cosentino M, Marino F. Understanding the pharmacology of 
COVID-19 mRNA vaccines: playing dice with the spike? Int J Mol 
Sci. 2022;23(18):10881. https://doi.org/10.3390/ijms231810881 

12. Fazlollahi A, Zahmatyar M, Noori M, Nejadghaderi SA, Sullman 
MJ, Shekarriz‐Foumani R, et al. Cardiac complications following 
mRNA COVID‐19 vaccines: A systematic review of case reports 
and case series. Rev Med Virol. 2022;32(4):e2318.      .         
https://doi.org/10.1002/rmv.2318 

13. Li YE, Wang S, Reiter RJ, Ren J. Clinical cardiovascular 
emergencies and the cellular basis of COVID-19 vaccination: from 
dream to reality?. Int J Infect Dis. 2022;124:1-10.      .         
https://doi.org/10.1016/j.ijid.2022.08.026 

14. Karlstad Ø, Hovi P, Husby A, Härkänen T, Selmer RM, Pihlström 
N, et al. SARS-CoV-2 vaccination and myocarditis in a Nordic 
cohort study of 23 million residents. JAMA Cardiol.  2022;7(6): 
600-612. https://doi.org/10.1001/jamacardio.2022.0583

15. Gao J, Feng L, Li Y, Lowe S, Guo Z, Bentley R, et al. A systematic 
review and meta-analysis of the association between SARS-CoV-2 
vaccination and myocarditis or pericarditis. Am J Prev Med. 
2023;64(2):275-284. https://doi.org/10.1016/j.amepre.2022.09.002

16. Yasmin F, Najeeb H, Naeem U, Moeed A, Atif AR, Asghar MS, et 
al. Adverse events following COVID‐19 mRNA vaccines: A 
systematic review of cardiovascular complication, thrombosis, and 
thrombocytopenia. Immun In�amm Dis. 2023;11(3):e807. 
https://doi.org/10.1002/iid3.807 

17. Ilonze OJ, Guglin ME. Myocarditis following COVID-19 
vaccination in adolescents and adults: a cumulative experience of 
2021. Heart Fail Rev. 2022;27(6):2033-2043.                 .         
https://doi.org/10.1007/s10741-022-10243-9

18. Costa C, Moniati F. �e Epidemiology of COVID‐19 
Vaccine‐Induced Myocarditis. Adv Med. 2024;2024(1):4470326. 
https://doi.org/10.1155/2024/4470326 

19. Jung SW, Jeon JJ, Kim YH, Choe SJ, Lee S. Long-term risk of 
autoimmune diseases a�er mRNA-based SARS-CoV2 vaccination in 
a Korean, nationwide, population-based cohort study. Nat Commun. 
2024;15(1):6181. https://doi.org/10.1038/s41467-024-50656-8 

20. Yun C, Lee Y, Heo SJ, Kim N, Jung I. �e impact of COVID-19 status 
and vaccine type following the �rst dose on acute heart disease: A 

nationwide retrospective cohort study in South Korea. Epidemiol 
Infect. 2024;152:e134. https://doi.org/10.1017/S0950268824001213

21. Montgomery J, Ryan M, Engler R, Ho�man D, McClenathan B, 
Collins L, et al. Myocarditis Following Immunization With mRNA 
COVID-19 Vaccines in Members of the US Military. JAMA Cardiol. 
2021;6(10):1202-1206. http://doi.org/10.1001/jamacardio.2021.2833 

22. Puntmann VO, Carerj ML, Wieters I, Fahim M, Arendt C, 
Ho�mann J, et al. Outcomes of Cardiovascular Magnetic Resonance 
Imaging in Patients Recently Recovered From Coronavirus Disease 
2019 (COVID-19). JAMA Cardiol. 2020;5(11):1265-1273. 
http://doi.org/10.1001/jamacardio.2020.3557 

23. Tersalvi G, Vicenzi M, Calabretta D, Biasco L, Pedrazzini G, 
Winterton D. Elevated Troponin in Patients With Coronavirus 
Disease 2019: Possible Mechanisms. J Card Fail. 2020;26(6): 
470-475. https://doi.org/10.1016/j.cardfail.2020.04.009 

24. Nascimento JH, Gomes BF, Oliveira GM. Cardiac troponin as a 
predictor of myocardial injury and mortality from COVID-19. Arq 
Bras Cardiol. 2020;115:667-668. https://doi.org/10.36660/abc.20200862 

25. Ucar FM, Ozturk C, Yılmaztepe MA. Evaluation of Tp-e interval, 
Tp-e/QT ratio and Tp-e/QTc ratio in patients with acute 
myocarditis. BMC Cardiovasc Disord. 2019;19(1):232.      .         
https://doi.org/10.1186/s12872-019-1207-z 

26. Pillay J, Gaudet L, Wingert A, Bialy L, Mackie AS, Paterson DI, et 
al. Incidence, risk factors, natural history, and hypothesised 
mechanisms of myocarditis and pericarditis following covid-19 
vaccination: living evidence syntheses and review. BMJ. 
2022;378:e069445. https://doi.org/10.1136/bmj-2021-069445 

27. Chapin-Bardales J, Myers T, Gee J, Shay DK, Marquez P, Baggs J, et al. 
Reactogenicity within 2 weeks a�er mRNA COVID-19 vaccines: 
Findings from the CDC v-safe surveillance system. Vaccine. 
2021;39(48):7066-7073. https://doi.org/10.1016/j.vaccine.2021.10.019 

28. Cumulative and Interval Summary Tabulation of Serious and Non-Serious 
Adverse Reactions from Post-Marketing Data Sources. P�zer. 2022:1-393. 
https://www.globalresearch.ca/wp-content/uploads/2023/05/p�zer-report.pdf 

29. Comirnaty. European Medicines Agency . Amsterdam, �e 
Netherlands. 2023. Available on:                     .         
https://www.ema.europa.eu/en/medicines/human/EPAR/comirnaty 

30. Making medicines and medical devices safer. Yellow Card. 2024. 
Available on: https://yellowcard.mhra.gov.uk/information 

31. Yan MM, Zhao H, Li ZR, Chow JW, Zhang Q, Qi YP, et al. Serious 
adverse reaction associated with the COVID-19 vaccines of 
BNT162b2, Ad26. COV2. S, and mRNA-1273: gaining insight 
through the VAERS. Front Pharmacol. 2022;13:921760. 
https://doi.org/10.3389/fphar.2022.921760 

32. Shabu A, Nishtala PS. Analysis of the adverse events following the 
mRNA-1273 COVID-19 vaccine. Expert Rev Vaccines. 2023; 
22(1):801-812. https://doi.org/10.1080/14760584.2023.2260477 

33. Glover C, Deng L, Larter C, Brogan C, Richardson O, Huang YA, 
et al. Surveillance of adverse events following immunisation in 
Australia, COVID-19 vaccines, 2021. Commun Dis Intell. 
2024;48:38926650. https://doi.org/10.33321/cdi.2024.48.2 

34. Kim DH, Kim JH, Oh IS, Choe YJ, Choe SA, Shin JY. Adverse 
Events Following COVID-19 Vaccination in Adolescents: Insights 
from Pharmacovigilance Study of VigiBase. J Korean Med Sci. 
2024;39(8):e76. https://doi.org/10.3346/jkms.2024.39.e76 

35. Montano D. Frequency and Associations of Adverse Reactions of 
COVID-19 Vaccines Reported to Pharmacovigilance Systems in 
the European Union and the United States. Front Public Health. 
2022;9:756633. https://doi.org/10.3389/fpubh.2021.756633

36. Vidal-Perez R, Brandão M, Pazdernik M, Kresoja KP, Carpenito 
M, Maeda S, et al. Cardiovascular disease and COVID-19, a deadly 
combination: A review about direct and indirect impact of a 
pandemic. World J Clin Cases. 2022;10(27):9556-9572.       .        
https://doi.org/10.12998/wjcc.v10.i27.9556 

37. Faksova K, Walsh D, Jiang Y, Gri�n J, Phillips A, Gentile A, et al. 
COVID-19 vaccines and adverse events of special interest: A 
multinational Global Vaccine Data Network (GVDN) cohort 

study of 99 million vaccinated individuals. Vaccine. 2024;42(9): 
2200-2211. https://doi.org/10.1016/j.vaccine.2024.01.100

38. COVID-19 VaST Work Group Report – May 17, 2021. National Center for 
Immunization and Respiratory Diseases. 2021. Available on: 
https://archive.cdc.gov/www_cdc_gov/vaccines/acip/work-groups-vast/r
eport-2021-05-17.html

39. Gargano JW, Wallace M, Hadler SC, Langley G, Su JR, Oster ME, 
et al. Use of mRNA COVID-19 Vaccine A�er Reports of 
Myocarditis Among Vaccine Recipients: Update from the 
Advisory Committee on Immunization Practices - United States, 
June 2021. MMWR Morb Mortal Wkly Rep. 2021;70(27):977-982. 
http://dx.doi.org/10.15585/mmwr.mm7027e2

40. Sun CLF, Ja�e E, Levi R. Increased emergency cardiovascular 
events among under-40 population in Israel during vaccine rollout 
and third COVID-19 wave. Sci Rep. 2022;12(1):6978. 
https://doi.org/10.1038/s41598-022-10928-z

41. Klein NP, Lewis N, Goddard K, Fireman B, Zerbo O, Hanson KE, et al. 
Surveillance for adverse events a�er COVID-19 mRNA vaccination. Jama. 
2021;326(14):1390-1399. http://dx.doi.org/10.1001/jama.2021.15072 

42. Hu M, Wong HL, Feng Y, Lloyd PC, Smith ER, Amend KL, et al. 
Safety of the BNT162b2 COVID-19 Vaccine in Children Aged 5 to 
17 Years. JAMA Pediatr. 2023;177(7):710-717.                  .         
http://dx.doi.org/10.1001/jamapediatrics.2023.1440 

43. Weiss SR. Myocarditis Cases A�er mRNA-Based COVID-19 
Vaccination in the US. JAMA. 2022;327(20):2019-2020.      .         
http://dx.doi.org/10.1001/jama.2022.5131

44. Old�eld PR, Gutschi M, McCullough PA, Speicher DJ. BioNTech’s 
COVID-19 modRNA Vaccines: Dangerous genetic mechanism of 
action released before su�cient preclinical testing. Journal of 
American Physicians and Surgeons. 2024;29(4):118-126.

45. Wiseman D, Guetzkow J, Seligmann H, Franzcog F. Booster Doses 
for P�zer-BioNtech Vaccine. Vaccines and Related Biological 
Products Advisory Committee. 2021. Available on: 
�le:///C:/Users/ADMIN/Downloads/FDA-2021-N-0965-0016_att
achment_1%20(1).pdf 

46. Hromić-Jahjefendić A, Sezer A, Aljabali AAA, Serrano-Aroca Á, 
Tambuwala MM, Uversky VN, et al. COVID-19 Vaccines and 
Myocarditis: An Overview of Current Evidence. Biomedicines. 
2023;11(5):1469. https://doi.org/10.3390/biomedicines11051469 

47. Rose J, Hulscher N, McCullough PA. Determinants of COVID-19 
vaccine-induced myocarditis. �er Adv Drug Saf. 2024;15: 
20420986241226566. https://doi.org/10.1177/20420986241226566 

48. Lee CW, Sa S, Hong M, Kim J, Shim SR, Han HW. Adverse Events 
and Safety Pro�le of the COVID-19 Vaccines in Adolescents: Safety 
Monitoring for Adverse Events Using Real-World Data. Vaccines. 
2022;10(5):744. https://doi.org/10.3390/vaccines10050744 

49. Jeon H-E, Lee S, Lee J, Roh G, Park H-J, Lee Y-S, et al. SARS-CoV2 
mRNA vaccine intravenous administration induces myocarditis in 
chronic in�ammation. PLoS ONE. 2024; 19(10): e0311726. 
https://doi.org/10.1371/journal.pone.0311726 

50. Awaya T, Hara H, Moroi M. Cytokine Storms and Anaphylaxis 
Following COVID-19 mRNA-LNP Vaccination: Mechanisms and 
�erapeutic Approaches. Diseases. 2024;12(10):231.      .         
https://doi.org/10.3390/diseases12100231 

51. Kosto� RN, Kanduc D, Porter AL, Shoenfeld Y, Calina D, Briggs 
MB, et al. Vaccine- and natural infection-induced mechanisms 
that could modulate vaccine safety. Toxicol Rep. 2020;7: 
1448-1458. https://doi.org/10.1016/j.toxrep.2020.10.016 

52. Diaconu R, Mirea O, Bălşeanu TA. Testosterone, cardiomyopathies, 
and heart failure: a narrative review. Asian J Androl. 
2021;23(4):348-356. https://doi.org/10.4103/aja.aja_80_20 

53. Miličić Stanić B, Maddox S, de Souza AMA, Wu X, Mehranfard D, 
Ji H, et al. Male bias in ACE2 basic science research: missed 
opportunity for discovery in the time of COVID-19. Am J Physiol 
Regul Integr Comp Physiol. 2021;320(6):R925-R937.      .         
https://doi.org/10.1152/ajpregu.00356.2020 

54. Fairweather D, Beetler DJ, Musigk N, Heidecker B, Lyle MA, 

Cooper LT Jr, et al. Sex and gender di�erences in myocarditis and 
dilated cardiomyopathy: An update. Front Cardiovasc Med. 
2023;10:1129348. https://doi.org/10.3389/fcvm.2023.1129348

55. Waqar A, Jain A, Joseph C, Srivastava K, Ochuba O, Alkayyali T, et 
al. Cardioprotective Role of Estrogen in Takotsubo Cardiomyopathy. 
Cureus. 2022;14(3):e22845. https://doi.org/10.7759/cureus.22845 

56. Akhtar SM, Gazzaz ZJ, Baig M, Majeed R, Hashmi AA. 
Association Between P�zer COVID-19 Vaccine Adverse E�ects 
and Diabetes Mellitus: A Prospective Multicenter Study. Cureus. 
2023;15(11):e48263. https://doi.org/10.7759/cureus.48263

57. Sutardi AQI, Ramatillah DL. Evaluation comparison between 
Sinovac and P�zer vaccine among indonesian children and 
teenagers under 18 years old. Int J Appl Pharm. 2022;14(2):22–30. 
https://dx.doi.org/10.22159/ijap.2022.v14s2.44745 

58. Piernas C, Patone M, Astbury NM, Gao M, Sheikh A, Khunti K, et al. 
Associations of BMI with COVID-19 vaccine uptake, vaccine 
e�ectiveness, and risk of severe COVID-19 outcomes a�er vaccination in 
England: a population-based cohort study. Lancet Diabetes Endocrinol. 
2022;10(8):571-580. https://doi.org/10.1016/S2213-8587(22)00158-9 

59. Ouaddouh C, Duijster JW, Lieber T, van Hunsel FP. �e role of 
co-morbidities in the development of an AEFI a�er COVID-19 
vaccination in a large prospective cohort with patient-reported 
outcomes in the Netherlands. Expert Opin Drug Saf. 2024;23 
(3):323-331. https://doi.org/10.1080/14740338.2023.2267971 

60. Bianchi FP, Rizzi D, Daleno A, Stefanizzi P, Migliore G, Tafuri S. 
Assessing the temporal and cause-e�ect relationship between 
myocarditis and mRNA COVID-19 vaccines. A retrospective 
observational study. Int J Infect Dis. 2024;141:106960.       .        
https://doi.org/10.1016/j.ijid.2024.02.003 

61. John NA, John J, Kamble P, Singhal A, Daulatabad V, Vamshidhar 
IS. COVID 19 vaccine in patients of hypercoagulable disorders: a 
clinical perspective. Horm Mol Biol Clin Investig. 
2021;43(1):89-96. https://doi.org/10.1515/hmbci-2021-0037 

62. Heil M. Self-DNA driven in�ammation in COVID-19 and a�er 
mRNA-based vaccination: lessons for non- COVID-19 
pathologies. Front Immunol. 2024;14:1259879.      .         
https://doi.org/10.3389/�mmu.2023.1259879 

63. Wu B, Ni H, Li J, Zhuang X, Zhang J, Qi Z, et al. �e Impact of 
Circulating Mitochondrial DNA on Cardiomyocyte Apoptosis and 
Myocardial Injury A�er TLR4 Activation in Experimental 
Autoimmune Myocarditis. Cell Physiol Biochem. 2017;42(2): 
713-728. https://doi.org/10.1159/000477889

64. Ittiwut C, Mahasirimongkol S, Srisont S, Ittiwut R, Chockjamsai 
M, Durongkadech P, et al. Genetic basis of sudden death a�er 
COVID-19 vaccination in �ailand. Heart Rhythm. 2022; 19: 
1874-1879. https://doi.org/10.1016/j.hrthm.2022.07.019 

65. She CH, Tsang HW, Yang X, Tsao SS, Tang CS, Chan SH, et al. 
Genome- wide association study of BNT162b2 vaccine-related 
myocarditis identi�es potential predisposing functional areas in 
Hong Kong adolescents. BMC Genom Data. 2024;25(1):51. 
https://doi.org/10.1186/s12863-024-01238-6 

66. Chen DP, Wen YH, Lin WT, Hsu FP. Association between the side 
e�ect induced by COVID-19 vaccines and the immune regulatory 
gene polymorphism. Front Immunol. 2022;13:941497. 
https://doi.org/10.3389/�mmu.2022.941497 

67. Bolze A, Mogensen TH, Zhang SY, Abel L, Andreakos E, Arkin LM, 
et al. Decoding the Human Genetic and Immunological Basis of 
COVID-19 mRNA Vaccine-Induced Myocarditis. J Clin Immunol. 
2022;42(7):1354-1359. https://doi.org/10.1007/s10875-022-01372-9

68. Patone M, Mei XW, Handunnetthi L, Dixon S, Zaccardi F, Shankar-Hari M, 
et al. Risk of myocarditis a�er sequential doses of COVID-19 vaccine and 
SARS-CoV-2 infection by age and sex. Circulation. 2022;146(10):743-754. 
https://doi.org/10.1161/CIRCULATIONAHA.122.059970

69. Buchan SA, Seo CY, Johnson C, Alley S, Kwong JC, Nasreen S, et al. 
Epidemiology of myocarditis and pericarditis following mRNA 
vaccination by vaccine product, schedule, and interdose interval among 
adolescents and adults in Ontario, Canada. JAMA Netw Open. 2022; 

5(6):e2218505. https://doi.org/10.1001/jamanetworkopen.2022.18505
70. Shar� KA, Dancoes DM, Longueil JL, Johnson ES, Lewis PF. Risk 

of myopericarditis following COVID‐19 mRNA vaccination in a 
large integrated health system: a comparison of completeness and 
timeliness of two methods. Pharmacoepidemiol Drug Saf. 
2022;31(8):921-925. https://doi.org/10.1002/pds.5439 

71. Stowe J, Miller E, Andrews N, Whitaker HJ. Risk of myocarditis and 
pericarditis a�er a COVID-19 mRNA vaccine booster and a�er 
COVID-19 in those with and without prior SARS-CoV-2 infection: 
A self-controlled case series analysis in England. PLoS Med. 2023; 
20(6):e1004245. https://doi.org/10.1371/journal.pmed.1004245

72. Li X, Lai FT, Chua GT, Kwan MY, Lau YL, Ip P, et al. Myocarditis 
following COVID-19 BNT162b2 vaccination among adolescents 
in Hong Kong. JAMA Pediatr. 2022;176(6):612-614. 
https://doi.org/10.1001/jamapediatrics.2022.0101

73. Chua GT, Kwan MYW, Chui CSL, Smith RD, Cheung ECL, Ma T, 
et al. Epidemiology of Acute Myocarditis/Pericarditis in Hong 
Kong Adolescents Following Comirnaty Vaccination. Clin Infect 
Dis. 2022;75(4):673-681. https://doi.org/10.1093/cid/ciab989 

74. Krug A, Stevenson J, Høeg TB. BNT162b2 Vaccine-Associated 
Myo/Pericarditis in Adolescents: A Strati�ed Risk-Bene�t Analysis. Eur 
J Clin Invest. 2022;52(5):e13759.    https://doi.org/10.1111/eci.13759 

75. Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, et al. 
Myocarditis a�er Covid-19 Vaccination in a Large Health Care 
Organization. N Engl J Med. 2021;385(23):2132-2139.       .  
https://doi.org/10.1056/NEJMoa2110737

76. Nygaard U, Holm M, Bohnstedt C, Chai Q, Schmidt LS, Hartling UB, 
et al. Population- based Incidence of Myopericarditis A�er COVID-19 
Vaccination in Danish Adolescents. Pediatr Infect Dis J. 
2022;41(1):e25-e28. https://doi.org/10.1097/INF.0000000000003389 

77. Mevorach D, Anis E, Cedar N, Bromberg M, Haas EJ, Nadir E, et 
al. Myocarditis a�er BNT162b2 mRNA vaccine against Covid-19 
in Israel. N Engl J Med. 2021;385(23):2140-2149.      .         
https://doi.org/10.1056/NEJMoa2109730

78. Foltran D, Delmas C, Flumian C, De Paoli P, Salvo F, Gautier S, et al. 
Myocarditis and pericarditis in adolescents a�er �rst and second doses 
of mRNA COVID-19 vaccines. Eur Heart J Qual Care Clin Outcomes. 
2022;8(2):99-103. https://doi.org/10.1093/ehjqcco/qcab090

79. Munro APS, Feng S, Janani L, Cornelius V, Aley PK, Babbage G, et al.; 
COV-BOOST study group. Safety, immunogenicity, and reactogenicity of 
BNT162b2 and mRNA-1273 COVID-19 vaccines given as fourth-dose 
boosters following two doses of ChAdOx1 nCoV-19 or BNT162b2 and a 
third dose of BNT162b2 (COV-BOOST): a multicentre, blinded, phase 2, 
randomised trial. Lancet Infect Dis. 2022;22(8):1131-1141. 
https://doi.org/10.1016/S1473-3099(22)00271-7

80. Uversky VN, Redwan EM, Makis W, Rubio-Casillas A. IgG4 
Antibodies Induced by Repeated Vaccination May Generate 
Immune Tolerance to the SARS-CoV-2 Spike Protein. Vaccines. 
2023;11(5):991. https://doi.org/10.3390/vaccines11050991 

81. Irrgang P, Gerling J, Kocher K, Lapuente D, Steininger P, Habenicht K, et 
al. Class switch toward nonin�ammatory, spike- speci�c IgG4 antibodies 
a�er repeated SARS-CoV-2 mRNA vaccination. Sci Immunol. 
2023;8(79):eade2798. https://doi.org/10.1126/sciimmunol.ade2798

82. Collier JL, Weiss SA, Pauken KE, Sen DR, Sharpe AH. 
Not-so-opposite ends of the spectrum: CD8+ T cell dysfunction 
across chronic infection, cancer and autoimmunity. Nat Immunol. 
2021;22(7):809-819. https://doi.org/10.1038/s41590-021-00949-7 

83. Liu J, Wang J, Xu J, Xia H, Wang Y, Zhang C, et al. Comprehensive 
investigations revealed consistent pathophysiological alterations 
a�er vaccination with COVID-19 vaccines. Cell Discov. 
2021;7(1):99. https://doi.org/10.1038/s41421-021-00329-3 

84. Ouranidis A, Vavilis T, Mandala E, Davidopoulou C, Stamoula E, 
Markopoulou CK, et al. mRNA �erapeutic Modalities Design, 
Formulation and Manufacturing under Pharma 4.0 Principles. Biomed. 
2021;10(1):50. https://doi.org/10.3390/biomedicines10010050 

85. Milano G, Gal J, Creisson A, Chamorey E. Myocarditis and COVID-19 
mRNA vaccines: a mechanistic hypothesis involving dsRNA. Future 

Virol. 2022;17(3):191-196. https://doi.org/10.2217/fvl-2021-0280 
86. Bourdon PS, Duriseti R, Gromoll HC, Dalton DK, Bardosh K, Krug 

AE. A Reanalysis of the FDA's Bene�t-Risk Assessment of Moderna's 
mRNA-1273 COVID Vaccine: For 18-25-Year-Old Males, Risks 
Exceeded Bene�ts Relative to Hospitalizations. arXiv preprint 
arXiv:2410.11811. 2024. https://doi.org/10.48550/arXiv.2410.11811 

87. Tan LJ, Koh CP, Lai SK, Poh WC, Othman MS, Hussin H. A 
systemic review and recommendation for an autopsy approach to 
death followed the COVID 19 vaccination. Forensic Sci Int. 
2022;340:111469. https://doi.org/10.1016/j.forsciint.2022.111469  

88. Foltran D, Sokolski M. Myocarditis Associated with COVID-19 Vaccination. 
Vaccines. 2024;12(10):1193. https://doi.org/10.3390/vaccines12101193 

89. Tinari S. �e EMA COVID-19 data leak, and what it tells us about mRNA 
instability. BMJ. 2021;372:n627. https://doi.org/10.1136/bmj.n627 

90. COVID-19 Vaccine Moderna. Committee for Medicinal Products 
for Human Use. European Medicines Agency. 2021. 
https://www.ema.europa.eu/en/documents/assessment-report/spi
kevax-previously-covid-19-vaccine-moderna-epar-public-assess
ment-report_en.pdf 

91. Comirnaty (COVID-19 mRNA Vaccine). European Medicines Agency. 2024:1-5. 
https://www.ema.europa.eu/en/documents/overview/comirnaty-epar-medicine-ov
erview_en.pdf 

92. Rosa SS, Prazeres DM, Azevedo AM, Marques MP. mRNA vaccines 
manufacturing: Challenges and bottlenecks. Vaccine. 2021;39 
(16):2190-2200. https://doi.org/10.1016/j.vaccine.2021.03.038 

93. Luo D, Wu Z, Wang D, Zhang J, Shao F, Wang S, et al. Lateral �ow 
immunoassay for rapid and sensitive detection of dsRNA contaminants 
in in vitro-transcribed mRNA products. Mol �er Nucleic Acids. 
2023;32:445-453. https://doi.org/10.1016/j.omtn.2023.04.005

94. Sene� S, Nigh G, Kyriakopoulos AM, McCullough PA. Innate 
immune suppression by SARS-CoV-2 mRNA vaccinations: �e role 
of G-quadruplexes, exosomes, and MicroRNAs. Food Chem 
Toxicol. 2022 ;164:113008. https://doi.org/10.1016/j.fct.2022.113008 

95. Li C, Lee A, Grigoryan L, Arunachalam PS, Scott MK, Trisal M, et 
al. Mechanisms of innate and adaptive immunity to the 
P�zer-BioNTech BNT162b2 vaccine. Nat Immunol. 
2022;23(4):543-555. https://doi.org/10.1038/s41590-022-01163-9  

96. Yu YB, Taraban MB, Briggs KT. All vials are not the same: potential 
role of vaccine quality in vaccine adverse reactions. Vaccine. 
2021;39(45):6565-6569. https://doi.org/10.1016/j.vaccine.2021.09.065 

97. Schmeling M, Manniche V, Hansen PR. Batch-dependent safety of 
the BNT162b2 mRNA COVID-19 vaccine. Eur J Clin Invest. 
2023;53(8):e13998. https://doi.org/10.1111/eci.13998 

98. Speicher DJ, Rose J, Gutschi LM, McKernan K. DNA fragments 
detected in monovalent and bivalent P�zer/BioNTech and 
Moderna modRNA COVID-19 vaccines from Ontario, Canada: 
Exploratory dose response relationship with serious adverse 
events. 2023. https://doi.org/10.31219/osf.io/mjc97

99. McKernan K, Helbert Y, Kane LT, McLaughlin S. Sequencing of 
bivalent Moderna and P�zer mRNA vaccines reveals nanogram to 
microgram quantities of expression vector dsDNA per dose. 2023. 
https://doi.org/10.31219/osf.io/b9t7 

100. Classen B. US COVID-19 vaccines proven to cause more harm 
than good based on pivotal clinical trial data analyzed using the 
proper scienti�c endpoint,“all cause severe morbidity”. Trends Int 
Med. 2021; 1 (1): 1-6. Available at:                        .         
https://healthyandfree.us/wp-content/uploads/2022/01/U.S.-Covi
d-19-Jabs-Proven-to-Cause-More-Harm-than-Good.pdf

101. Mead MN, Sene� S, Wol�nger R, Rose J, Denhaerynck K, Kirsch S, 
et al. COVID-19 modi�ed mRNA “vaccines”: Lessons learned 
from clinical trials, mass vaccination, and the bio-pharmaceutical 
complex, Part 1.  Int. J. Vaccine �eory Pract. Res. 2024;3(2):1112- 
1178. https://doi.org/10.56098/fdrasy50 

102. Benn CS, Schaltz-Buchholzer F, Nielsen S, Netea MG, Aaby P. 
Randomized clinical trials of COVID-19 vaccines: Do 
adenovirus-vector vaccines have bene�cial non-speci�c e�ects? 
Iscience. 2023;26(5):106733. https://doi.org/10.1016/j.isci.2023.106733 

103. Fraiman J, Erviti J, Jones M, Greenland S, Whelan P, Kaplan RM, et al. 
Serious adverse events of special interest following mRNA COVID-19 
vaccination in randomized trials in adults. Vaccine. 2022; 
40(40):5798-5805. https://doi.org/10.1016/j.vaccine.2022.08.036

104. Michels C, Perrier D, Kunadhasan J, Clark E, Gehrett J, Gehrett B, et 
al. Forensic analysis of the 38 subject deaths in the 6-month interim 
report of the P�zer/BioNTech BNT162b2 mRNA vaccine clinical 
trial. 2023:1-20. https://doi.org/10.20944/preprints202309.0131.v1 

105. Bergman F. P�zer caught hiding sudden deaths during Covid 
‘Vaccine’ trials. Substack. Dr. William Makis. 2024. Available at: 
https://substack.com/home/post/p-153921294

106. �omas SJ, Moreira Jr ED, Kitchin N, Absalon J, Gurtman A, 
Lockhart S, et al. Safety and e�cacy of the BNT162b2 mRNA 
Covid-19 vaccine through 6 months. N Engl J Med. 2021;385(19): 
1761-1773. https://doi.org/10.1056/NEJMoa2110345 

107. P�zer. Summary of clinical safety. New York, NY. 2021.Available at: 
https://phmpt.org/wp-content/uploads/2021/12/STN-125742_0_0
-Section-2.7.4-summary-clin-safety.pdf

108. P�zer. Periodic safety update report #3 for active substance: 
COVID-19 modmRNA vaccine, BNT162b2. BioNTech 
Manufacturing GmbH, Mainz, Germany. 2022. Available at: 
https://tkp.at/wp-content/uploads/2023/03/3.PSUR-1.pdf

109. Horowitz D. Con�dential P�zer document shows the company 
observed 1.6 million adverse events covering nearly every organ 
system. 2023. Available at:                        .         
https://www.globalresearch.ca/con�dential-p�zer-document-sho
ws-company-observed-1-6-million-adverse-events-covering-near
ly-every-organ-system/5823115

110. �e WarRoom DailyClout P�zer Documents Analysts. �e P�zer 
Papers: P�zer’s Crimes against Humanity. 2024:35.

111. P�zer. Pharmacovigilance Plan for Biologic License Application 
#125742 Of Covid-19 mRNA vaccine (nucleoside modi�ed) 
(BNT162b2, PF-07302048). Available at:        .         
https://phmpt.org/wp-content/uploads/2023/01/125742_S21_M1
_pharmacovigilance-plan.pdf 

112. Gehrett B, Gehrett J, Flowers C, Britt L. Report 53: 77% of 
Cardiovascular Adverse Events from P�zer’s mRNA COVID Shot 
Occurred in Women, as Well as in People Under Age 65. Two 
Minors Su�ered Cardiac Events. 2024:35. Available at: 
https://dailyclout.io/report-53-cardiovascular-adverse-events/  

113. Kuhbandner C, Reitzner M. Estimation of excess mortality in 
Germany during 2020-2022. Cureus. 2023;15(5): e39371. 
https://doi.org/10.7759/cureus.39371 

114. Aarstad J, Kvitastein OA. Is there a link between the 2021 
COVID-19 vaccination uptake in Europe and 2022 excess 
all-cause mortality? Asian Pac J Health Sci. 2023;10(1):25-31. 
http://dx.doi.org/10.21276/apjhs.2023.10.1.6 

115. Economidou EC, Soteriades ES. Excess mortality in Cyprus during 
the COVID-19 vaccination campaign. Vaccine. 2024;42(15):3375- 
3376. https://doi.org/10.1016/j.vaccine.2023.11.028

116. Raknes G, Fagerås SJ, Sveen KA, Júlíusson PB, Strøm MS. Excess 
non-COVID-19 mortality in Norway 2020–2022. BMC Public 
Health. 2024;24(1):244. https://doi.org/10.1186/s12889-023-17515-5

117. Mostert S, Hoogland M, Huibers M, Kaspers G. Excess mortality 
across countries in the Western World since the COVID-19 
pandemic: ‘Our World in Data’estimates of January 2020 to 
December 2022. BMJ Public Health. 2024;2(1). 
https://doi.org/10.1136/bmjph-2023-000282 

118. Mansanguan S, Charunwatthana P, Piyaphanee W, Dechkhajorn W, 
Poolcharoen A, Mansanguan C. Cardiovascular manifestation of the 
BNT162b2 mRNA COVID-19 vaccine in adolescents. Trop Med 
Infect Dis. 2022;7(8):196. https://doi.org/10.3390/tropicalmed7080196

119. Su WJ, Liu YL, Chang CH, Lin YC, Huang WI, Wu LC, et al. Risk of 
myocarditis and pericarditis following coronavirus disease 2019 
messenger RNA vaccination—a nationwide study. J Microbiol Immunol 
Infect. 2023;56(3):558-565. https://doi.org/10.1016/j.jmii.2023.01.016

120. Bozkurt B, Kamat I, Hotez PJ. Myocarditis with COVID-19 mRNA 

vaccines. Circulation. 2021;144(6):471-484.           .        
https://doi.org/10.1161/CIRCULATIONAHA.121.056135 

121. Chiu SN, Chen YS, Hsu CC, Hua YC, Tseng WC, Lu CW, et al. 
Changes of ECG parameters a�er BNT162b2 vaccine in the senior 
high school students. Eur J Pediatr. 2023;182(3):1155-1162. 
https://doi.org/10.1007/s00431-022-04786-0 

122. Buergin N, Lopez‐Ayala P, Hirsiger JR, Mueller P, Median D, Glarner 
N, et al. Sex‐speci�c di�erences in myocardial injury incidence a�er 
COVID‐19 mRNA‐1273 booster vaccination. Eur J Heart Fail. 
2023;25(10):1871-1881. https://doi.org/10.1002/ejhf.2978

123. Goyal M, Ray I, Mascarenhas D, Kunal S, Sachdeva RA, Ish P. 
Myocarditis post-SARS-CoV-2 vaccination: a systematic review. 
QJM. 2023;116(1):7-25. https://doi.org/10.1093/qjmed/hcac064

124. Schwab C, Domke LM, Hartmann L, Stenzinger A, Longerich T, 
Schirmacher P. Autopsy-based histopathological characterization of 
myocarditis a�er anti-SARS-CoV-2-vaccination. Clin Res Cardiol. 
2023;112(3):431-440. https://doi.org/10.1007/s00392-022-02129-5

125. Hulscher N, Alexander PE, Amerling R, Gessling H, Hodkinson R, 
Makis W, et al. A systematic review of autopsy �ndings in deaths 
a�er COVID-19 vaccination. Forensic Sci Int. 2024:112115. 
https://doi.org/10.1016/j.forsciint.2024.112115

126. Hulscher N, Hodkinson R, Makis W, McCullough PA. Autopsy 
�ndings in cases of fatal COVID‐19 vaccine‐induced myocarditis. 
ESC heart failure. 2024. https://doi.org/10.1002/ehf2.14680 

127. Liberale L, Badimon L, Montecucco F, Lüscher TF, Libby P, Camici 
GG. In�ammation, aging, and cardiovascular disease: JACC 
review topic of the week. J Am Coll Cardiol. 2022;79(8):837-847. 
https://doi.org/10.1016/j.jacc.2021.12.017 

128. Blaylock RL. COVID UPDATE: What is the truth? Surg Neurol 
Int. 2022;13:167. https://doi.org/10.25259/SNI_150_2022

129. Larson KF, Ammirati E, Adler ED, Cooper Jr LT, Hong KN, 
Saponara G, et al. Myocarditis a�er BNT162b2 and mRNA-1273 
vaccination. Circulation. 2021;144(6):506-508.             .         
https://doi.org/10.1161/CIRCULATIONAHA.121.055913 

130. Engler RJ, Montgomery JR, Spooner CE, Nelson MR, Collins LC, 
Ryan MA, et al. Myocarditis and pericarditis recovery following 
smallpox vaccine 2002–2016: A comparative observational cohort 
study in the military health system. PloS one. 2023;18(5): 
e0283988. https://doi.org/10.1371/journal.pone.0283988

131. Grabenstein JD, Winkenwerder Jr W. US military smallpox 
vaccination program experience. Jama. 2003;289(24):3278-3282. 
https://doi.org/10.1001/jama.289.24.3278

132. Military Community Demographics, 2021.                   .        
https://www.militar yonesource.mil/data-research-and- 
statistics/military-community-demographics/ 

133. Deputy Secretary of Defense. Mandatory coronavirus disease 2019 
vaccination of DoD civilian employees. 2021.            .    
https://media.defense.gov/2021/Oct/04/2002867430/-1/-1/0/MA
NDATORY-CORONAVIRUS-DISEASE-2019-VACCINATION-
OF-DOD-CIVILIAN-EMPLOYEES-OSD008990-21-RESP-FINA
L.PDF

134. Romero E, Fry S, Hooker B. Safety of mRNA vaccines administered 
during the �rst twenty-four months of the International COVID-19 
vaccination program. Int J Vaccine �eory Pract Res. 
2023;3(1):891-910. https://doi.org/10.56098/ijvtpr.v3i1.70

135. Hurley P, Krohn M, LaSala T, Leavitt R, MacDonald CS, Nolan P, Rulis S, 
Sawyer M. Group Life COVID-19 Mortality Survey Report. Society of 
Actuaries Research Institute, Schaumburg, Illinois. 2023. Available at  
https://www.soa.org/resources/experience-studies/2023/group-life-covid-
mort-06-23/

136. Dowd E. " Cause Unknown": �e Epidemic of Sudden Deaths in 
2021 & 2022. Simon and Schuster; 2022.

137. Quarterly Excess Death Rate Analysis. Centers for Disease Control 
and Prevention. Phinance Technologies. 2023.            .    
https://phinancetechnologies.com/HumanityProjects/Quarterly%
20Excess%20Death%20Rate%20Analysis%20-%20US.htm    

138. �e Vigilant Fox. Edward Dowd presents irrefutable evidence vaccine 

mandates killed and disabled countless Americans. 2023. Available at: 
https://dailyclout.io/edward-dowd-presents-irrefutable-evidence-vacc
ine-mandates-killed-disabled-countless-americans/

139. McLachlan S, Osman M, Dube K, Chiketero P, Choi Y, Fenton N. 
Analysis of COVID-19 vaccine death reports from the Vaccine 
Adverse Events Reporting System (VAERS) database interim: Results 
and analysis. 2021:1-17. https://doi.org/10.13140/RG.2.2.26987.26402

140. Shimabukuro TT, Nguyen M, Martin D, DeStefano F. Safety monitoring 
in the vaccine adverse event reporting system (VAERS). Vaccine. 
2015;33(36):4398-4405. https://doi.org/10.1016/j.vaccine.2015.07.035

141. Amir M, Latha S, Sharma R, Kumar A. Association of cardiovascular 
events with COVID-19 vaccines using vaccine adverse event reporting 
system (VAERS): A retrospective study. Curr Drug Saf. 2024;19(3):402-406. 
https://doi.org/10.2174/0115748863276904231108095255

142. Varricchio F, Iskander J, Destefano F, Ball R, Pless R, Braun MM, 
Chen RT. Understanding vaccine safety information from the 
vaccine adverse event reporting system. Pediatr Infect Dis J. 2004; 
23(4):287-294. https://doi.org/10.1097/00006454-200404000-00002 

143. Lazarus R, Klompas M, Bernstein S. Electronic Support for Public 
Health–Vaccine Adverse Event Reporting System (ESP: VAERS). 
Grant. Final Report, Grant ID: R18 HS. 2010;17045. Available at: 
https://www.corruptedsystem.com/uploads/r18hs017045-lazarus-
�nal-report-2011.pdf

144. Montag K, Kampf G. Hospitalised Myocarditis and pericarditis 
cases in germany indicate a higher post-vaccination risk for young 
people mainly a�er COVID-19 vaccination. J Clin Med. 
2022;11(20):6073. https://doi.org/10.3390/jcm11206073 

145. Rose J. Critical appraisal of VAERS pharmacovigilance: Is the US 
vaccine adverse events reporting system (VAERS) a functioning 
pharmacovigilance system. Publ Health Pol the Law. 
2021;3:100-129.

146. Yan MM, Zhao H, Li ZR, Chow JW, Zhang Q, Qi YP, et al. Serious 
adverse reaction associated with the COVID-19 vaccines of 
BNT162b2, Ad26. COV2. S, and mRNA-1273: gaining insight 
through the VAERS. Frontiers in pharmacology. 2022;13:921760. 
https://doi.org/10.3389/fphar.2022.921760

147. Cadegiani FA. Catecholamines Are the Key Trigger of COVID-19 
mRNA Vaccine-Induced Myocarditis: A Compelling Hypothesis 
Supported by Epidemiological, Anatomopathological, Molecular, 
and Physiological Findings. Cureus. 2022;14(8):e27883. 
https://doi.org/10.7759/cureus.27883

148. Choi S, Lee S, Seo JW, Kim MJ, Jeon YH, Park JH, et al. 
Myocarditis-induced sudden death a�er BNT162b2 mRNA 
COVID-19 vaccination in Korea: Case report focusing on 
histopathological �ndings. J Korean Med Sci. 2021;36(40):e286. 
https://doi.org/10.3346/jkms.2021.36.e286

149. Gill JR, Tashjian R, Duncanson E. Autopsy histopathologic cardiac 
�ndings in 2 adolescents following the second COVID-19 vaccine 
dose. Arc Path Lab Med. 2022;146(8):925-929.      .         
https://doi.org/10.5858/arpa.2021-0435-SA

150. Park JH, Kim KH. COVID-19 vaccination-related myocarditis: 
what we learned from our experience and what we need to do in 
the future. Korean Circ J. 2024;54(6):295-310.      .         
https://doi.org/10.4070/kcj.2024.0065 

151. Bille K, Figueiras D, Schamasch P, Kappenberger L, Brenner JI, 
Meijboom FJ, et al. Sudden cardiac death in athletes: the Lausanne 
Recommendations. Eur J Cardiovasc Prev Rehabil. 2006;13(6): 
859-875. https://doi.org/10.1097/01.hjr.0000238397.50341.4a

152. Polykretis P, McCullough PA. Rational harm-bene�t assessments by 
age group are required for continued COVID-19 vaccination. Scand 
J Immunol. 2023;98(1):e13242. https://doi.org/10.1111/sji.13242 

153. Alexander LK, Small JD, Edwards S, Baric RS. An experimental 
model for dilated cardiomyopathy a�er rabbit coronavirus 
infection. J Infect Dis. 1992;166(5):978-985.            .         
https://doi.org/10.1093/infdis/166.5.978 

154. Alexander LK, Keene BW, Yount BL, Geratz JD, Small JD, Baric RS. 
ECG changes a�er rabbit coronavirus infection. J Electrocardiol. 

1999;32(1):21-32. https://doi.org/10.1016/S0022-0736(99)90018-3 
155. Long B, Brady WJ, Koyfman A, Gottlieb M. Cardiovascular 

complications in COVID-19. Am J Emerg Med. 
2020;38(7):1504-1507. https://doi.org/10.1016/j.ajem.2020.04.048 

156. Hudowenz O, Klemm P, Lange U, Rolf A, Schultheiss HP, Hamm 
C, et al. Case report of severe PCR-con�rmed COVID-19 
myocarditis in a European patient manifesting in mid January 
2020. Eur Heart J Case Rep. 2020;4(6):1-6.         .         
https://doi.org/10.1093/ehjcr/ytaa286 

157. Papageorgiou JM, Almroth H, Törnudd M, van der Wal H, 
Varelogianni G, Lawesson SS. Fulminant myocarditis in a 
COVID-19 positive patient treated with mechanical circulatory 
support - a case report. Eur Heart J Case Rep. 2020;5(2):ytaa523. 
https://doi.org/10.1093/ehjcr/ytaa523

158. ACC Underscores Safety of COVID-19 Vaccine. American College 
of Cardiology. 2022. Available on:                   .         
https://www.acc.org/Latest-in-Cardiology/Articles/2022/10/14/15
/13/ACC-Underscores-Safety-of-COVID-19-Vaccine

159. Chung MK, Zidar DA, Bristow MR, Cameron SJ, Chan T, Harding 
CV III, et al. COVID-19 and Cardiovascular Disease: From Bench 
to Bedside. Circ Res. 2021;128(8):1214-1236.            .         
https://doi.org/10.1161/CIRCRESAHA.121.317997 

160. McCarthy C, Li S, Wang TY, Raber I, Sandoval Y, Smilowitz NR, et 
al. Implementation of High-Sensitivity Cardiac Troponin Assays 
in the United States. J Am Coll Cardiol. 2023;81(3):207-219. 
https://doi.org/10.1016/j.jacc.2022.10.017

161. Gottlieb M, Sansom S, Frankenberger C, Ward E, Hota B. Clinical 
Course and Factors Associated with Hospitalization and Critical 
Illness Among COVID-19 Patients in Chicago, Illinois. Acad 
Emerg Med. 2020;27(10):963-973.               .         
https://doi.org/10.1111/acem.14104 

162. Chauin A. �e Main Causes and Mechanisms of Increase in Cardiac 
Troponin Concentrations Other �an Acute Myocardial Infarction 
(Part 1): Physical Exertion, In�ammatory Heart Disease, 
Pulmonary Embolism, Renal Failure, Sepsis. Vasc Health Risk 
Manag. 2021;17:601-617. https://doi.org/10.2147/VHRM.S327661 

163. Chuang AM, Nguyen MT, Kung WM, Lehman S, Chew DP. 
High-sensitivity troponin in chronic kidney disease: Considerations 
in myocardial infarction and beyond. Rev Cardiovasc Med. 
2020;21(2):191-203. https://doi.org/10.31083/J.RCM.2020.02.17 

164. Siripanthong B, Nazarian S, Muser D, Deo R, Santangeli P, Khanji 
MY, et al. Recognizing COVID-19-related myocarditis: �e 
possible pathophysiology and proposed guideline for diagnosis 
and management. Heart Rhythm. 2020;17(9):1463-1471. 
https://doi.org/10.1016/j.hrthm.2020.05.001 

165. Castiello T, Georgiopoulos G, Finocchiaro G, Claudia M, Gianatti 
A, Delialis D, et al. COVID-19 and myocarditis: a systematic 
review and overview of current challenges. Heart Fail Rev. 
2022;27(1):251-261. https://doi.org/10.1007/s10741-021-10087-9 

166. Mele D, Flamigni F, Rapezzi C, Ferrari R. Myocarditis in COVID-19 
patients: current problems. Intern Emerg Med. 2021;16 
(5):1123-1129. https://doi.org/10.1007/s11739-021-02635-w 

167. Alcoba G, Keitel K, Maspoli V, Lacroix L, Manzano S, Gehri M, et 
al. A three-step diagnosis of pediatric pneumonia at the 
emergency department using clinical predictors, C- reactive 
protein, and pneumococcal PCR. Eur J Pediatr. 
2017;176(6):815-824. https://doi.org/10.1007/s00431-017-2913-0

168. Karbalai Saleh S, Oraii A, Soleimani A, Hadadi A, Shajari Z, Montazeri 
M, et al. �e association between cardiac injury and outcomes in 
hospitalized patients with COVID-19. Intern Emerg Med. 
2020;15(8):1415-1424. https://doi.org/10.1007/s11739-020-02466-1

169. Jalali F, Hatami F, Saravi M, Jafaripour I, Hedayati MT, Amin K, et 
al. Characteristics and outcomes of hospitalized patients with 
cardiovascular complications of COVID-19. J Cardiovasc �orac 
Res. 2021;13(4):355-363. https://doi.org/10.34172/jcvtr.2021.53 

170. Held KS. COVID-19 statistics and facts: Meaningful or a means of 
manipulation? J Am Physicians Surg. 2020; 25(3), 70-72. 

https://jpands.org/vol25no3/held.pdf 
171. Tom MR, Mina MJ. To Interpret the SARS-CoV-2 Test, Consider 

the Cycle �reshold Value. Clin Infect Dis. 2020;71(16):2252- 
2254. https://doi.org/10.1093/cid/ciaa619 

172. Doshi P, Powers JH. Determining the Infectious Potential of 
Individuals with Positive Reverse- Transcription Polymerase 
Chain Reaction Severe Acute Respiratory Syndrome Coronavirus 
2 Tests. Clin Infect Dis. 2021;73(11):e3900-e3901.          .         
https://doi.org/10.1093/cid/ciaa1819 

173. Je�erson T, Spencer EA, Brassey J, Heneghan C. Viral Cultures for 
Coronavirus Disease 2019 Infectivity Assessment: A Systematic 
Review. Clin Infect Dis. 2021;73(11):e3884-e3899.      .         
https://doi.org/10.1093/cid/ciaa1764 

174. McLeod D, Martins I, Pelech S, Beck C, Shaw CA. Dispelling the 
myth of a pandemic of the unvaccinated. Int J Vaccine �eory Pract 
Res. 2021; 2(1), 267–286. https://doi.org/10.56098/ijvtpr.v2i1.38 

175. Buitrago-Garcia D, Ipekci AM, Heron L, Imeri H, 
Araujo-Chaveron L, Arevalo-Rodriguez I, et al. Occurrence and 
transmission potential of asymptomatic and presymptomatic 
SARS-CoV-2 infections: Update of a living systematic review and 
meta-analysis. PLoS Med. 2022;19(5):e1003987.      .         
https://doi.org/10.1371/journal.pmed.1003987 

176. Gao W, Lv J, Pang Y, Li LM. Role of asymptomatic and 
pre-symptomatic infections in covid-19 pandemic. BMJ. 
2021;375:n2342. https://doi.org/10.1136/bmj.n2342

177. Bergeri I, Whelan MG, Ware H, Subissi L, Nardone A, Lewis HC, 
et al.; Unity Studies Collaborator Group. Global SARS-CoV-2 
seroprevalence from January 2020 to April 2022: A systematic 
review and meta- analysis of standardized population-based 
studies. PLoS Med. 2022;19(11):e1004107.      .         
https://doi.org/10.1371/journal.pmed.1004107 

178. Azami M, Moradi Y, Moradkhani A, Aghaei A. SARS-CoV-2 
seroprevalence around the world: an updated systematic review 
and meta-analysis. Eur J Med Res. 2022;27(1):81.      .         
https://doi.org/10.1186/s40001-022-00710-2 

179. Kucirka LM, Lauer SA, Laeyendecker O, Boon D, Lessler J. 
Variation in False-Negative Rate of Reverse Transcriptase 
Polymerase Chain Reaction-Based SARS-CoV-2 Tests by Time 
Since Exposure. Ann Intern Med. 2020;173(4):262-267. 
https://doi.org/10.7326/M20-1495 

180. Mina MJ, Parker R, Larremore DB. Rethinking Covid-19 Test 
Sensitivity - A Strategy for Containment. N Engl J Med. 
2020;383(22):e120. https://doi.org/10.1056/NEJMp2025631

181. Caplan A, Bates KW, Brioni C, Santos A, Sabatini LM, Kaul KL, et al. 
Clinical characteristics and viral load dynamics of COVID-19 in a 
mildly or moderately symptomatic outpatient sample. PLoS One. 
2021;16(10):e0258970. https://doi.org/10.1371/journal.pone.0258970 

182. Klein H, Asseo K, Karni N, Benjamini Y, Nir-Paz R, Muszkat M, et 
al. Onset, duration and unresolved symptoms, including smell and 
taste changes, in mild COVID-19 infection: a cohort study in 
Israeli patients. Clin Microbiol Infect. 2021;27(5):769–774. 
https://doi.org/10.1016/j.cmi.2021.02.008 

183. Russell TW, Golding N, Hellewell J, Abbott S, Wright L, Pearson 
CAB, et al. Reconstructing the early global dynamics of 
under-ascertained COVID-19 cases and infections. BMC Med. 
2020;18(1):332. https://doi.org/10.1186/s12916-020-01790-9 

184. Havers FP, Reed C, Lim T, Montgomery JM, Klena JD, Hall AJ, et al. 
Seroprevalence of Antibodies to SARS-CoV-2 in 10 Sites in the 
United States, March 23-May 12, 2020. JAMA Intern Med. 2020;180 
(12):1576-1586. https://doi.org/10.1001/jamainternmed.2020.4130 

185. Estimated COVID-19 Burden. United States Centers for Disease 
Control and Prevention. 2021. Available at:      .         
https://archive.cdc.gov/www_cdc_gov/coronavirus/2019-ncov/ca
ses-updates/burden.html 

186. Ferguson N, Ghani A, Hinsley W, Volz E. Report 50: 
Hospitalisation risk for Omicron cases in England. Imperial 
College London. 2021:1-12. https://doi.org/10.25561/93035 

187. Gaughan C, Massie L, Braunholtz D, Howells T, Fordham E. Coronavirus 
(COVID-19) Infection Survey Technical Article: Cumulative Incidence of 
the Number of People Who Have Tested Positive for COVID-19, UK. 
O�ce for National Statistics. 2023.Available at:          .         
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocial
care/conditionsanddiseases/articles/coronaviruscovid19infectionsurveytec
hnicalarticlecumulativeincidenceo�henumberofpeoplewhohavebeeninfec
tedwithcovid19byvariantandageengland/9february2023 

188. Bourdon PS, Pantazatos SP. Why a major study on myocarditis risk 
following COVID vaccination should not in�uence public-health policy. 
Front. Med. 2023; 10:1126945. https://doi.org/10.3389/fmed.2023.1126945

189. Knudsen B, Prasad V. COVID-19 vaccine induced myocarditis in 
young males: A systematic review. Eur J Clin Invest. 
2023;53(4):e13947. https://doi.org/10.1111/eci.13947 

190. Cordero A, Cazorla D, Escribano D, Quintanilla MA, López-Ayala 
JM, Berbel PP, et al. Myocarditis a�er RNA-based vaccines for 
coronavirus. Int J Cardiol. 2022;353:131-134.           .         
https://doi.org/10.1016/j.ijcard.2022.01.037 

191. Wang M, Wen W, Zhou M, Wang C, Feng ZH. Meta-Analysis of 
Risk of Myocarditis A�er Messenger RNA COVID-19 Vaccine. 
Am J Cardiol. 2022;167:155-157.                    .        
https://doi.org/10.1016/j.amjcard.2021.12.007

192. Kämmerer U, Pekova S, Klement R, Louwen R, Borger P, Steger K. 
RT-PCR test targeting the conserved 5’-UTR of SARS-CoV-2 
overcomes shortcomings of the �rst WHO-recommended 
RT-PCR test. Int J Vaccine �eory Pract Res. 2023; 3(1):818-846. 
https://doi.org/10.56098/ijvtpr.v3i1.71  

193. Franchi F, Tomsic J. Comments on Kämmerer, et al. Regarding 
RT-PCR Testing. Int J Vaccine �eory Pract Res. 2023; 3(1), 
846.1-846.4. https://doi.org/10.56098/ijvtpr.v3i1.82

194. Patterson BK, Yogendra R, Francisco EB, Long E, Pise A, Osgood E, et 
al. Persistence of S1 spike protein in CD16+ monocytes up to 245 days 
in SARS-CoV-2 negative post COVID-19 vaccination individuals with 
post-acute sequalae of COVID-19 (PASC)-like symptoms. medRxiv. 
2024:2024-2103. https://doi.org/10.1101/2024.03.24.24304286 

195. Parry PI, Lefringhausen A, Turni C, Neil CJ, Cosford R, Hudson 
NJ, et al. 'Spikeopathy': COVID-19 Spike Protein Is Pathogenic, 
from Both Virus and Vaccine mRNA. Biomedicines. 
2023;11(8):2287. https://doi.org/10.3390/biomedicines11082287

196. Patel P, �ompson PD. Diagnosing COVID-19 myocarditis in 
athletes using cMRI. Trends Cardiovasc Med. 2022;32(3):146-150. 
https://doi.org/10.1016/j.tcm.2021.12.009 

197. Shave R, George KP, Atkinson G, Hart E, Middleton N, Whyte G, 
et al. Exercise- induced cardiac troponin T release: a 
meta-analysis. Med Sci Sports Exerc. 2007;39(12):2099–2106. 
https://doi.org/10.1249/mss.0b013e318153�78 

198. Małek ŁA, Marczak M, Miłosz-Wieczorek B, Konopka M, Braksator 
W, Drygas W et al. Cardiac involvement in consecutive elite athletes 
recovered from COVID-19: a magnetic resonance study. J Magn 
Reson Imaging. 2021. https://doi.org/10.1002/jmri.27513 

199. Maestrini V, Merghani A, Rosmini S, Cox A, Bulluck H, Culotta V, 
et al. CMR �ndings in high endurance veteran athletes - a 247 
subject study. J Cardiovasc Magn Reson. 2016;18(1):O38. 
https://doi.org/10.1186/1532-429X-18-S1-O38

200. Clark DE, Parikh A, Dendy JM, Diamond AB, George-Durrett K, Fish 
FA, et al. COVID-19 myocardial pathology evaluation in athletes with 
cardiac magnetic resonance (COMPETE CMR). Circulation. 2021;143 
(6):609-612. https://doi.org/10.1161/CIRCULATIONAHA.120.052573

201. Daniels CJ, Rajpal S, Greenshields JT, Rosenthal GL, Chung EH, 
Terrin M, et al. Prevalence of clinical and subclinical myocarditis in 
competitive athletes with recent SARS-CoV-2 infection: results 
from the big ten COVID-19 cardiac registry. JAMA Cardiol. 2021;6 
(9):1078-1087. https://doi.org/10.1001/jamacardio.2021.2065

202. Fenton N, Neil M. Fighting Goliath: Exposing the �awed science 
and statistics behind the COVID-19 event. Sovereign Rights 
Publishing. 2024.

203. Birtolo LI, Di Pietro G, Ciu�reda A, Improta R, Monosilio S, Prosperi 

S, et al. �e impact of vaccination status on post-acute sequelae in 
hospitalized COVID- 19 survivors using a multi-disciplinary 
approach: An observational single center study. Heliyon. 
2024;10(22):e40409. https://doi.org/10.1016/j.heliyon.2024.e40409 

204. Andrews CD, Parker EPK, Horne E, Walker V, Palmer T, Scha�er 
AL, et al. OpenSAFELY: E�ectiveness of COVID-19 vaccination in 
children and adolescents. medRxiv. 2024:2024-2105.      .          
https://doi.org/10.1101/2024.05.20.24306810

205. Boehmer TK, Kompaniyets L, Lavery AM, Hsu J, Ko JY, Yusuf H, 
et al. Association Between COVID-19 and Myocarditis Using 
Hospital-Based Administrative Data - United States, March 
2020-January 2021. MMWR Morb Mortal Wkly Rep. 2021;70(35): 
1228-1232. http://dx.doi.org/10.15585/mmwr.mm7035e5

206. Klement RJ, Walach H. Commentary: raised c-troponin levels as a 
sign of myocardial injury a�er COVID- 19 vaccination in healthy 
individuals are worrying. Egypt Heart J. 2024;76(1):16. 
https://doi.org/10.1186/s43044-024-00441-1

207. Alhussein MM, Rabbani M, Sarak B, Dykstra S, Labib D, Flewitt J, 
et al. Natural history of myocardial injury a�er COVID-19 
vaccine–associated myocarditis. Can J Cardiol. 2022;38(11):1676- 
1683. https://doi.org/10.1016/j.cjca.2022.07.017

208. Nakahara T, Iwabuchi Y, Miyazawa R, Tonda K, Shiga T, Strauss 
HW, et al. Assessment of myocardial 18F-FDG uptake at PET/CT 
in asymptomatic SARS-CoV-2–vaccinated and nonvaccinated 
patients. Radiol. 2023;308(3):e230743.                    .         
https://doi.org/10.1148/radiol.230743

209. Harris KM, Mackey-Bojack S, Bennett M, Nwaudo D, Duncanson 
E, Maron BJ. Sudden unexpected death due to myocarditis in 
young people, including athletes. Am J Cardiol. 2021;143:131-134. 
https://doi.org/10.1016/j.amjcard.2020.12.028

210. Markwerth P, Bajanowski T, Tzimas I, Dettmeyer R. Sudden 
cardiac death—update. Int J Legal Med. 2021;135:483-495. 
https://doi.org/10.1007/s00414-020-02481-z

211. Ammirati E, Frigerio M, Adler ED, Basso C, Birnie DH, Brambatti M, et al. 
Management of acute myocarditis and chronic in�ammatory 
cardiomyopathy: an expert consensus document. Circ Heart Fail. 2020;13 
(11):e007405. https://doi.org/10.1161/CIRCHEARTFAILURE.120.007405

212. McGonagle D, Giryes S. An immunology of coronary atherosclerosis 
and unexplained sudden death in the COVID-19 era. Autoimmun 
Rev. 2024;103642. https://doi.org/10.1016/j.autrev.2024.103642

213. Sousa PM, Silva EA, Campos MA, Lages JS, Corrêa RD, Silva GE. 
Fatal myocarditis following COVID-19 mrna immunization: a 
case report and di�erential diagnosis review. Vaccines. 
2024;12(2):194. https://doi.org/10.3390/vaccines12020194

214. Lynge TH, Nielsen TS, Winkel BG, Tfelt-Hansen J, Banner J. Sudden 
cardiac death caused by myocarditis in persons aged 1–49 years: a 
nationwide study of 14 294 deaths in Denmark. Forensic Sci. Res. 
2019;4(3):247-256. https://doi.org/10.1080/20961790.2019.1595352

215. Ali-Ahmed F, Dalgaard F, Al-Khatib SM. Sudden cardiac death in patients 
with myocarditis: Evaluation, risk strati�cation, and management. Am 
Heart J. 2020;220:29-40. https://doi.org/10.1016/j.ahj.2019.08.007

216. Richter S, Schwab T, Berchthold-Herz M, Beyersdorf F, Schlensak 
C, Bode C, et al. Borderline-Myokarditis als Auslöser für 
therapierefraktäres Kammer�immern. Intensivmed. 2008;45(5): 
287-291. https://doi.org/10.1007/s00390-008-0865-3

217. De Salvia A, De Leo D, Carturan E, Basso C. Sudden cardiac death, 
borderline myocarditis and molecular diagnosis: evidence or 
assumption?. Med Sci Law. 2011;51(1_suppl):27-29.      .         
https://doi.org/10.1258/msl.2010.010056 

218. Makis, W. Personal communications.2024
219. Hulscher N, Cook M, Stricker R, McCullough PA. Excess 

cardiopulmonary arrest and mortality a�er COVID-19 
vaccination in King County, Washington. 2024.            .         
https://www.preprints.org/manuscript/202405.1665/v1 

220. Yeo YH, Wang M, He X, Lv F, Zhang Y, Zu J, et al. Excess risk for 
acute myocardial infarction mortality during the COVID‐19 
pandemic. J Med Virol. 2023;95(1):e28187.                .         

https://doi.org/10.1002/jmv.28187 
221. Martin SS, Aday AW, Almarzooq ZI, Anderson CA, Arora P, Avery CL, et 

al. 2024 heart disease and stroke statistics: a report of US and global data 
from the American Heart Association. Circulation. 2024;149(8):e347-e913. 
https://doi.org/10.1161/CIR.0000000000001209 

222. Janus SE, Makhlouf M, Chahine N, Motairek I, Al-Kindi SG. 
Examining disparities and excess cardiovascular mortality before 
and during the COVID-19 pandemic. Mayo Clin Proc. 2022;97(12): 
2206-2214. https://doi.org/10.1016/j.mayocp.2022.07.008

223. Woodru� RC, Tong X, Khan SS, Shah NS, Jackson SL, Loustalot F, 
et al. Trends in cardiovascular disease mortality rates and excess 
deaths, 2010–2022. Am J Prev Med. 2024;66(4):582-589. 
https://doi.org/10.1016/j.amepre.2023.11.009

224. Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, et al. 
Myocarditis a�er Covid-19 vaccination in a large health care 
organization.  N Engl J Med. 2021;385(23):2132-2139.      .         
https://doi.org/10.1056/NEJMoa2110737

225. Ferreira JP, Machu JL, Girerd N, Jaisser F, �um T, Butler J, et al. 
Rationale of the FIBROTARGETS study designed to identify novel 
biomarkers of myocardial �brosis. ESC Heart Fail. 2018;5(1): 
139-148. https://doi.org/10.1002/ehf2.12218

226. Tzahor E, Poss KD. Cardiac regeneration strategies: staying young 
at heart. Science. 2017;356(6342):1035-1039.        .         
https://doi.org/10.1126/science.aam5894

227. Barmada A, Klein J, Ramaswamy A, Brodsky NN, Jaycox JR, 
Sheikha H, et al. Cytokinopathy with aberrant cytotoxic 
lymphocytes and pro�brotic myeloid response in SARS-CoV-2 
mRNA vaccine–associated myocarditis. Sci Immunol. 2023;8(83): 
eadh3455. https://doi.org/10.1126/sciimmunol.adh3455

228. Yu CK, Tsao S, Ng CW, Chua GT, Chan KL, Shi J, et al. 
Cardiovascular assessment up to one year a�er COVID-19 
vaccine–associated myocarditis. Circ. 2023;148(5):436-439. 
https://doi.org/10.1161/CIRCULATIONAHA.123.064772

229. Brociek E, Tymińska A, Giordani AS, Caforio AL, Wojnicz R, 
Grabowski M, et al. Myocarditis: etiology, pathogenesis, and their 
implications in clinical practice. Biol. 2023;12(6):874. 
https://doi.org/10.3390/biology12060874

230. Jain SS, Anderson SA, Steele JM, Wilson HC, Muniz JC, Soslow 
JH, et al. Cardiac manifestations and outcomes of COVID-19 
vaccine-associated myocarditis in the young in the USA: 
longitudinal results from the Myocarditis A�er COVID 
Vaccination (MACiV) multicenter study. EClinicalMedicine. 
2024;76. https://doi.org/10.1016/j.eclinm.2024.102809

231. Sharma AN, Stultz JR, Bellamkonda N, Amsterdam EA. 
Fulminant myocarditis: epidemiology, pathogenesis, diagnosis, 
and management. Am J Cardiol. 2019;124(12):1954-1960. 
https://doi.org/10.1016/j.amjcard.2019.09.017

232. Chau EM, Chow WH, Chiu CS, Wang E. Treatment and outcome 
of biopsy-proven fulminant myocarditis in adults. Int J Cardiol. 
2006;110(3):405-406. https://doi.org/10.1016/j.ijcard.2005.07.082

233. Jiang J, Wang DW. Follow-Up and Long-Term Prognosis of 
Myocarditis and Fulminant Myocarditis. InFulminant Myocarditis 
2022;277-288.  https://doi.org/10.1007/978-981-19-5759-8_19

234. Lindner D, Fitzek A, Bräuninger H, Aleshcheva G, Edler C, Meissner 
K, et al. Association of cardiac infection with SARS-CoV-2 in 
con�rmed COVID-19 autopsy cases. JAMA Cardiol. 2020;5(11): 
1281-1285. https://doi.org/doi:10.1001/jamacardio.2020.3551

235. Watanabe S, Hama R. SARS-CoV-2 vaccine and increased myocarditis 
mortality risk: A population based comparative study in Japan. 
medRxiv. 2022:2022-10. https://doi.org/10.1101/2022.10.13.22281036

236. Abrams JY, Oster ME, Godfred-Cato SE, Bryant B, Datta SD, Campbell 
AP, et al. Factors linked to severe outcomes in multisystem 
in�ammatory syndrome in children (MIS-C) in the USA: a 
retrospective surveillance study. Lancet Child Adolesc Health. 2021; 
5(5):323-331. https://doi.org/10.1016/S2352-4642(21)00050-X

237. Verma AK, Lavine KJ, Lin CY. Myocarditis a�er Covid-19 mRNA 
vaccination. N Engl J Med. 2021;385(14):1332-1334.      .         

https://www.nejm.org/doi/full/10.1056/NEJMc2109975
238. Shime M, Nozaki Y, Morita A, Ishiodori T, Murakami T, Yamasaki 

H, et al. Life‐threatening severe acute respiratory syndrome 
coronavirus‐2 mRNA vaccine‐associated myocarditis a�er 
COVID‐19 myocarditis. J Paediatr Child Health. 2023;59(12). 
https://doi.org/10.1111/jpc.16498

239. Takada K, Taguchi K, Samura M, Igarashi Y, Okamoto Y, Enoki Y, 
et al. SARS-CoV-2 mRNA vaccine-related myocarditis and 
pericarditis: An analysis of the Japanese Adverse Drug Event 
Report database. J Infect Chemother. 2025;31(1):102485. 
https://doi.org/10.1016/j.jiac.2024.07.025

240. Husby A, Gulseth HL, Hovi P, Hansen JV, Pihlström N, Gunnes N, et al. 
Clinical outcomes of myocarditis a�er SARS-CoV-2 mRNA vaccination 
in four Nordic countries: population-based cohort study. BMJ Med. 
2023;2(1):e000373. https://doi.org/10.1136/bmjmed-2022-000373

241. Adab P, Haroon S, O’Hara ME, Jordan RE. Comorbidities and 
covid-19. Bmj. 2022;377. https://doi.org/10.1136/bmj.o1431

242. Dominguez LJ, Barbagallo M. �e biology of the metabolic 
syndrome and aging. Curr Opin Clin Nutr Metab Care. 2016; 
19(1):5-11. https://doi.org/10.1097/MCO.0000000000000243

243. Al-So�ani ME, Ganji SS, Kalyani RR. Body composition changes 
in diabetes and aging. J Diabetes Complications. 2019;33(6): 
451-459. https://doi.org/10.1016/j.jdiacomp.2019.03.007

244. Kruglikov IL, Shah M, Scherer PE. Obesity and diabetes as 
comorbidities for COVID-19: Underlying mechanisms and the 
role of viral–bacterial interactions. Elife. 2020;9:e61330. 
https://doi.org/10.7554/eLife.61330

245. Shah H, Khan MS, Dhurandhar NV, Hegde V. �e triumvirate: 
why hypertension, obesity, and diabetes are risk factors for adverse 
e�ects in patients with COVID-19. Acta Diabetol. 2021;58(7): 
831-843. https://doi.org/10.1007/s00592-020-01636-z

246. Yanez ND, Weiss NS, Romand JA, Treggiari MM. COVID-19 
mortality risk for older men and women. BMC public health. 
2020;20(1):1742. https://doi.org/10.1186/s12889-020-09826-8

247. Schumacher AE, Kyu HH, Aali A, Abbafati C, Abbas J, 
Abbasgholizadeh R, et al. Global age-sex-speci�c mortality, life 
expectancy, and population estimates in 204 countries and 
territories and 811 subnational locations, 1950–2021, and the 
impact of the COVID-19 pandemic: a comprehensive 
demographic analysis for the Global Burden of Disease Study 
2021. �e Lancet. 2024;403(10440):1989-2056.           .         
https://doi.org/10.1016/S0140-6736(24)00476-8

248. Massoullié G, Boyer B, Sapin V, Jean F, Andronache M, Peoc’h M, 
et al. Sudden cardiac death risk in contact sports increased by 
myocarditis: a case series. Eur Heart J. 2021;5(3):ytab054. 
https://doi.org/10.1093/ehjcr/ytab054

249. Bohm P, Scharhag J, Egger F, Tischer KH, Niederseer D, Schmied C, 
et al. Sports-related sudden cardiac arrest in Germany. Can J Cardiol. 
2021;37(1):105-112. https://doi.org/10.1016/j.cjca.2020.03.021 

250. P�zer biodistribution con�dential document translated to 
English.2022. Available at                            .         
https://www.naturalnews.com/�les/P�zer-bio-distribution-con�d
ential-document-translated-to-english.pdf 

251. Kanczkowski W, Evert K, Stadtmüller M, Haberecker M, Laks L, Chen LS, et 
al. COVID-19 targets human adrenal glands. Lancet Diabetes Endocrinol. 
2022;10(1):13-16. https://doi.org/10.1016/S2213-8587(21)00291-6

252. Sheppard MN, Westaby J, Zullo E, Fernandez BV, Cox S, Cox A. 
Sudden arrhythmic death and cardiomyopathy are important 
causes of sudden cardiac death in the UK: results from a national 
coronial autopsy database. Histopathol. 2023;82(7):1056-1066. 
https://doi.org/10.1111/his.14889

253. Healy J, Youssef AM, Sawant S, Orchard JJ, Rehan R, Van Vuuren 
R, et al. Trends in sudden unexpected deaths in an Australian 
population: Impact of the COVID-19 pandemic. Heart Lung Circ. 
2024;33(12):1693-1698. https://doi.org/10.1016/j.hlc.2024.07.009

254. Smith J, Schrader S, Morgan H, Shenton P, Alafaci A, Cox N, et al. 
Clinical phenotype of COVID‐19 vaccine‐associated myocarditis 

in Victoria, 2021–22: a cross‐sectional study. Med J Aust. 
2025;222(1):23-29. https://doi.org/10.5694/mja2.52557

255. Sennfält S, Norrving B, Petersson J, Ullberg T. Long-term survival 
and function a�er stroke: a longitudinal observational study from 
the Swedish Stroke Register. Stroke. 2019;50(1):53-61. 
https://doi.org/10.1161/STROKEAHA.118.022913

256. Yazdanfard PD, Christensen AH, Tfelt-Hansen J, Bundgaard H, 
Winkel BG. Non-diagnostic autopsy �ndings in sudden 
unexplained death victims. BMC Cardiovasc Disord. 2020;20:1-7. 
https://doi.org/10.1186/s12872-020-01361-z

257. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil 
AC, et al. Remdesivir for the treatment of Covid-19—preliminary 
report. N Engl J Med. 2020;383(19):1813-1836.        .         
https://doi.org/10.1056/NEJMoa2007764

258. Nina Youngstrom. CMS Hikes Payment for COVID-19 Inpatients 
Treated With New Drugs, Links it to 20% Bonus. J.D.Supra. Health 
Care Compliance Association. 2020. Available at      .         
https://www.jdsupra.com/legalnews/cms-hikes-payment-for-covi
d-19-19452/

259. Wang Y, Zhang D, Du G, Du R, Zhao J, Jin Y, et al. Remdesivir in 
adults with severe COVID-19: a randomised, double-blind, 
placebo-controlled, multicentre trial. �e Lancet. 2020;395(10236): 
1569-1578. https://doi.org/10.1016/S0140-6736(20)31022-9

260. Kwok M, Lee C, Li HS, Deng R, Tsoi C, Ding Q, et al. Remdesivir 
induces persistent mitochondrial and structural damage in human 
induced pluripotent stem cell-derived cardiomyocytes. Cardiovasc 
Res. 2022;118(12):2652-2664. https://doi.org/10.1093/cvr/cvab311

261. Gholipour M, Samidoost P, Moayerifar M, Ghasemzadeh G. A case report 
of QTc prolongation: Drug induced or myocarditis in Severe Acute 
Respiratory Syndrome Coronavirus 2. SAGE Open Med Case Rep. 2024; 
12:2050313X241233432. https://doi.org/10.1177/2050313X241233432

262. Harbi S, AlFai� M, Al-Dorzi HM, Aljuhani O, Alenazi AA, Alalawi 
M, et al. A case report on the association between QTc prolongation 
and remdesivir therapy in a critically ill patient. IDCases. 
2022;29:e01572. https://doi.org/10.1016/j.idcr.2022.e01572

263. Nabati M, Parsaee H. Potential cardiotoxic e�ects of remdesivir on 
cardiovascular system: a literature review. Cardiovasc. Toxicol. 
2022;22(3):268-272. https://doi.org/10.1007/s12012-021-09703-9

264. Tian E, Cosme C, Bauzon J, Batra K, Azar F, Schreiber A. 
Remdesivir-associated bradycardia in COVID-19: a rapid review 
protocol. BMJ open. 2023;13(5):e068564.          .          
https://doi.org/10.1136/bmjopen-2022-068564

265. Krauson AJ, Casimero FV, Siddiquee Z, Stone JR. Duration of 
SARS-CoV-2 mRNA vaccine persistence and factors associated with 
cardiac involvement in recently vaccinated patients. NPJ Vaccines. 
2023;8(1):141. https://doi.org/10.1038/s41541-023-00742-7

266. Baumeier C, Aleshcheva G, Harms D, Gross U, Hamm C, Assmus 
B, et al. Intramyocardial in�ammation a�er COVID-19 
vaccination: an endomyocardial biopsy-proven case series. Int J 
Mol Sci. 2022;23(13):6940. https://doi.org/10.3390/ijms23136940

267. Schreckenberg R, Woitasky N, Itani N, Czech L, Ferdinandy P, 
Schulz R. Cardiac side e�ects of RNA‐based SARS‐CoV‐2 vaccines: 
hidden cardiotoxic e�ects of mRNA‐1273 and BNT162b2 on 
ventricular myocyte function and structure. Br J Pharmacol. 
2024;181(3):345-361. https://doi.org/10.1111/bph.16262

268. Vaccine side e�ects. U.S. Department of Health & Human 
Services. 2022. Retrieved on 2024. Available at          .         
https://www.hhs.gov/immunization/basics/safety/side-e�ects/index.html

269. Singer ME, Taub IB, Kaelber DC. Risk of myocarditis from COVID-19 
infection in people under age 20: a population-based analysis. 
MedRxiv. 2021:2021-07. https://doi.org/10.1101/2021.07.23.21260998

270. Funk PR, Yogurtcu ON, Forshee RA, Anderson SA, Marks PW, 
Yang H. Bene�t-risk assessment of COVID-19 vaccine, mRNA 
(Comirnaty) for age 16–29 years. Vaccine. 2022;40(19):2781-2789. 
https://doi.org/10.1016/j.vaccine.2022.03.030

271. Yogurtcu ON, Funk PR, Forshee RA, Anderson SA, Marks PW, 
Yang H. Bene�t-risk assessment of covid-19 vaccine, MRNA 

(MRNA-1273) for males age 18–64 years. Vaccine: X. 
2023;14:100325. https://doi.org/10.1016/j.jvacx.2023.100325

272. Doshi P. Revolving doors: board memberships, hedge funds, and 
the FDA chiefs responsible for regulating industry. BMJ. 
2024;385:q975. https://doi.org/10.1136/bmj.q975

273. Deyo RA. Gaps, tensions, and con�icts in the FDA approval 
process: implications for clinical practice. J Am Board Fam Pract. 
2004;17(2):142-149.  https://doi.org/10.3122/jabfm.17.2.142

274. Adams B. Moderna nabs a BARDA billion as it kick-starts 
late-stage pandemic vaccine test. 2022. Available at      .         
https://www.�ercebiotech.com/biotech/moderna-nabs-a-barda-bi
llion-as-its-kickstarts-late-stage-pandemic-vaccine-test

275. Lalani HS, Nagar S, Sarpatwari A, Barenie RE, Avorn J, Rome BN, 
et al. US public investment in development of mRNA covid-19 
vaccines: retrospective cohort study. BMJ. 2023;380.      .         
https://doi.org/10.1136/bmj-2022-073747

276. Webb NE, Osburn TS. Characteristics of hospitalized children 
positive for SARS-CoV-2: experience of a large center. Hosp Pediatr. 
2021;11(8):e133-141. https://doi.org/10.1542/hpeds.2021-005919

277. Kushner LE, Schroeder AR, Kim J, Mathew R. “For COVID” or 
“With COVID”: classi�cation of SARS-CoV-2 hospitalizations in 
children. Hosp Pediatr. 2021;11(8):e151-156.              .         
https://doi.org/10.1542/hpeds.2021-006001

278. Drouin O, Hepburn CM, Farrar DS, Baerg K, Chan K, Cyr C, et al. 
Characteristics of children admitted to hospital with acute 
SARS-CoV-2 infection in Canada in 2020. Cmaj. 
2021;193(38):E1483-1493.  https://doi.org/10.1503/cmaj.210053

279. Havers FP. Hospitalization of adolescents aged 12–17 years with 
laboratory-con�rmed COVID-19—COVID-NET, 14 states, 
March 1, 2020–April 24, 2021. MMWR Morb Mortal Wkly Rep. 
2021;70(23):851-857. https://doi.org/10.15585/mmwr.mm7023e1

280. Altarawneh H, Chemaitelly H, Tang P, Hasan MR, Qassim S, 
Ayoub HH, et al. Protection a�orded by prior infection against 
SARS-CoV-2 reinfection with the Omicron variant. MedRxiv. 
2022:2022-01. https://doi.org/10.1056/NEJMc2200133

281. Gazit S, Shlezinger R, Perez G, Lotan R, Peretz A, Ben-Tov A, et al. 
Comparing SARS-CoV-2 natural immunity to vaccine-induced 
immunity: reinfections versus breakthrough infections. MedRxiv. 2021. 
https://www.medrxiv.org/content/10.1101/2021.08.24.21262415v1

282. Coronavirus (COVID‐19) Infection Survey, characteristics of people testing 
positive for COVID‐19, UK: 17. O�ce of National Statistics. 2021. Available at 
https://www.ons.gov.uk/releases/coronaviruscovid19infectionsurvey
characteristicsofpeopletestingpositiveforcovid19uk17november2021

283. León TM. COVID-19 cases and hospitalizations by COVID-19 
vaccination status and previous COVID-19 diagnosis—California and 
New York, May–November 2021. MMWR Morb Mortal Wkly Rep. 
2022;71(4):125-131. http://dx.doi.org/10.15585/mmwr.mm7104e1

284. Pezzullo AM, Axfors C, Contopoulos-Ioannidis DG, Apostolatos 
A, Ioannidis JP. Age-strati�ed infection fatality rate of COVID-19 
in the non-elderly population. Environ Res. 2023;216:114655. 
https://doi.org/10.1016/j.envres.2022.114655

285. Baral S, Chandler R, Prieto RG, Gupta S, Mishra S, Kulldor� M. 
Leveraging epidemiological principles to evaluate Sweden’s 
COVID-19 response. Ann Epidemiol. 2020;54:21.      .         
https://doi.org/10.1016/j.annepidem.2020.11.005

286. Islam N, Shkolnikov VM, Acosta RJ, Klimkin I, Kawachi I, Irizarry 
RA, et al. Excess deaths associated with covid-19 pandemic in 
2020: age and sex disaggregated time series analysis in 29 high 
income countries. bmj. 2021;373:n1137.               .         
https://doi.org/10.1136/bmj.n1137

287. �ornley S, Morris AJ, Sundborn G, Bailey S. How fatal is 
COVID-19 compared with seasonal in�uenza? �e devil is in the 
detail. BMJ. 2020;371:m3883. 2020.

288. Turner JS, Kim W, Kalaidina E, Goss CW, Rauseo AM, Schmitz AJ, 
et al. SARS-CoV-2 infection induces long-lived bone marrow 
plasma cells in humans. Nature. 2021;595(7867):421-425. 
https://doi.org/10.1038/s41586-021-03647-4

289. Wang Z, Yang X, Zhong J, Zhou Y, Tang Z, Zhou H, et al. Exposure 
to SARS-CoV-2 generates T-cell memory in the absence of a 
detectable viral infection. Nat Commun. 2021;12(1):1724. 
https://doi.org/10.1038/s41467-021-22036-z

290. Reynolds CJ, Pade C, Gibbons JM, Otter AD, Lin KM, Muñoz 
Sandoval D, et al. Immune boosting by B. 1.1. 529 (Omicron) 
depends on previous SARS-CoV-2 exposure. Science. 
2022;377(6603) :eabq1841. https://doi.org/10.1126/science.abq1841

291. Patalon T, Saciuk Y, Perez G, Peretz A, Ben-Tov A, Gazit S. Dynamics 
of naturally acquired immunity against severe acute respiratory 
syndrome coronavirus 2 in children and adolescents. J Pediatr. 
2023;257:113371. https://doi.org/10.1016/j.jpeds.2023.02.016

292. Jeet Kaur R, Dutta S, Charan J, Bhardwaj P, Tandon A, Yadav D, et 
al. Cardiovascular adverse events reported from COVID-19 
vaccines: a study based on WHO database. Int J Gen Med. 
2021;3909-3927. https://doi.org/10.2147/IJGM.S324349

293. Oster ME, Shay DK, Su JR, Gee J, Creech CB, Broder KR, et al. 
Myocarditis cases reported a�er mRNA-based COVID-19 
vaccination in the US from December 2020 to August 2021. 
2022;327(4):331-340. https://doi.org/10.1001/jama.2021.24110

294. Shiravi AA, Ardekani A, Sheikhbahaei E, Heshmat-Ghahdarijani K. 
Cardiovascular complications of SARS-CoV-2 vaccines: an overview. 
Cardiol �er. 2022:1-9. https://doi.org/10.1007/s40119-021-00248-0

295. Bardosh K, Krug A, Jamrozik E, Lemmens T, Keshavjee S, Prasad V, et 
al. COVID-19 vaccine boosters for young adults: a risk bene�t 
assessment and ethical analysis of mandate policies at universities. J Med 
Ethics. 2024;50(2):126-138. https://doi.org/10.1136/jme-2022-108449

296. Wallace M, Rosenblum HG, Moulia DL, Broder KR, Shimabukuro 
TT, Taylor CA, et al. A summary of the Advisory Committee for 
Immunization Practices (ACIP) use of a bene�t-risk assessment 
framework during the �rst year of COVID-19 vaccine 
administration in the United States. Vaccine. 2023;41(44): 
6456-6467. https://doi.org/10.1016/j.vaccine.2023.07.037

297. Shiri T, Evans M, Talarico CA, Morgan AR, Mussad M, Buck PO, et al. �e 
population-wide risk-bene�t pro�le of extending the primary COVID-19 
vaccine course compared with an mRNA booster dose program. 
Vaccines. 2022;10(2):140. https://doi.org/10.3390/vaccines10020140

298. Block JP. Cardiac complications a�er SARS-CoV-2 infection and 
mRNA COVID-19 vaccination—PCORnet, United States, january 
2021–January 2022. MMWR Morb Mortal Wkly. 2022;71(14): 
517-523. http://dx.doi.org/10.15585/mmwr.mm7114e1

299. Wong HL, Hu M, Zhou CK, Lloyd PC, Amend KL, Beachler DC, et al. Risk 
of myocarditis and pericarditis a�er the COVID-19 mRNA vaccination in 
the USA: a cohort study in claims databases. �e Lancet. 2022; 
399(10342):2191-2199. https://doi.org/10.1016/S0140-6736(22)00791-7

300. Naveed Z, Li J, Wilton J, Spencer M, Naus M, Velásquez García 
HA, et al. Comparative risk of myocarditis/pericarditis following 
second doses of BNT162b2 and mRNA-1273 coronavirus 
vaccines. J Am Coll Cardiol. 2022;80(20):1900-1908. 
https://doi.org/10.1016/j.jacc.2022.08.799

301. Dickerman BA, Gerlovin H, Madenci AL, Kurgansky KE, Ferolito 
BR, Figueroa Muñiz MJ, et al. Comparative e�ectiveness of 
BNT162b2 and mRNA-1273 vaccines in US veterans. N Engl J Med. 
2022;386(2):105-115. https://doi.org/10.1056/NEJMoa2115463

302. Brisotto G, Montico M, Turetta M, Zanussi S, Cozzi MR, Vettori R, 
et al. Integration of Cellular and Humoral Immune Responses as 
an Immunomonitoring Tool for SARS-CoV-2 Vaccination in 
Healthy and Fragile Subjects. Viruses. 2023;15(6):1276. 
https://doi.org/10.3390/v15061276 

303. Debes AK, Xiao S, Colantuoni E, Egbert ER, Caturegli P, Gadala A, 
et al. Association of vaccine type and prior SARS-CoV-2 infection 
with symptoms and antibody measurements following vaccination 
among health care workers. JAMA Intern Med. 2021;181(12): 
1660-1662. https://doi.org/10.1001/jamainternmed.2021.4580

304. Kobashi Y, Shimazu Y, Kawamura T, Nishikawa Y, Omata F, Kaneko 
Y, et al. Factors associated with anti-severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) spike protein antibody 

correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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Myocarditis, or in�ammation of the myocardium, was largely 
unknown to the general public but became a household word 
during the COVID-19 pandemic as the condition rapidly 
increased in incidence worldwide [1-2]. Common symptoms of 
myocarditis following COVID-19 modi�ed mRNA 
vaccinations include chest tightness, palpitations, and physical 
e�ort intolerance [3]. Other symptoms may include fever, 
myalgia, dyspnea, and fatigue. �e chest pain of pericarditis, 
in�ammation of the pericardial sac, is characterized by a sharp 
pain behind the sternum. �is pain may improve when the 
patient sits or leans forward but o�en worsens when lying 
down, coughing, or breathing deeply. Coronary artery spasm 
is less commonly involved. In its acute form, myocarditis is 
frequently identi�ed as nonischemic dilated cardiomyopathy 
in patients presenting with symptoms [4].

 Most individuals diagnosed with myocarditis also show 
some degree of pericardial involvement on cardiac magnetic 
resonance (CMR) imaging and thus may also be referred to as 
myopericarditis [5]. Berg et al. de�ned pericardial involvement 
as pericardial thickening or e�usion on CMR and found that 
such involvement is commonly seen in myocarditis cases [6]. 
Additionally, the presence of pericardial e�usion is considered 

suggestive of in�ammation in suspected myocarditis, indicating 
concurrent pericardial involvement [7]. For these reasons, 
myopericarditis is a more accurate term for most cases of 
myocarditis, and the two terms may be used interchangeably, 
depending on the context. (Note: In the context of 
epidemiological studies, the term myopericarditis may be used 
when both myocarditis and pericarditis are analyzed together, 
even if individuals within the sample have only one of the two 
diagnoses.)

 Prior to 2021, myocarditis was most o�en linked to viral 
infections, though bacterial infections, autoimmune etiologies, 
vaccines, and drug exposures (e.g., antipsychotics, salicylates, 
immune checkpoint inhibitors, and gene therapy drugs) were 
also known to trigger the condition [5,8,9]. In the decades 
leading up to the COVID-19 pandemic, vaccination has been 
recognized as a potential cause of this condition, most o�en 
associated with vaccines used to prevent smallpox and anthrax 
[10]. In the case of the COVID-19 mRNA products, both 
P�zer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
encode the SARS-CoV-2 spike protein, eliciting endogenous 
production of that target protein [11]. COVID-19 mRNA 
vaccine-induced myopericarditis is characterized by the onset 

of cardiac symptoms temporally associated with the 
administration of the mRNA product, without an identi�able 
alternative or primary cause. �e lion’s share of research 
concerning cardiovascular e�ects of the the COVID-19 mRNA 
vaccinations has focused on myocarditis, the most commonly 
reported cardiac adverse event (AE) associated with these 
products [12-14].

 Temporal evidence from multiple large observational 
studies and vaccine safety monitoring systems worldwide 
suggests a causal relationship between the COVID-19 mRNA 
vaccinations and new-onset myocarditis [15-18]. For example, 
a population-based cohort study in South Korea (n=4.5 
million), with 15 months of observation following the day of 
COVID-19 mRNA inoculation, showed a 620% increased risk 
of myocarditis (adjusted hazard ratio, 7.20; 99% CI, 
4.37–11.86) and a 175% increased risk of pericarditis (adjusted 
HR, 2.75; 99% CI, 1.95–3.88), compared to historical controls 
[19]. �e study also found signi�cantly increased risks for 
various autoimmune disorders. A subsequent analysis of South 
Korea’s COVID-19 database from 2018–2022 (n=10.6 million) 
examined the associations between COVID-19 immunizations 
and acute cardiac conditions (e.g., myocarditis, arrhythmias) 
within 21 days post-vaccination [20]. Short-term cardiac risks, 
particularly myocarditis, were 48% higher among the mRNA 
recipients (adjusted HR, 1.48; 95% CI, 1.35–1.62). Due to South 
Korea’s extremely high vaccination coverage and reliable 
reporting systems, such large population studies o�er robust 
data for assessing the COVID-19 mRNA products’ risks and 
bene�ts in the context of myocarditis and other cardiac 
diseases.

 In addition to chest pain and the other symptoms 
mentioned above, the diagnosis of myocarditis is typically 
determined by a combination of the following: (a) blood 
troponin levels to indicate possible myocardial injury 
(high-sensitivity cardiac troponin being preferable for earlier 
identi�cation of myocardial injury) along with 
echocardiogram (ECG); (b) echocardiography for structural 
and functional abnormalities, coupled with di�use ST 
elevation (re�ecting myocardial injury or pericardial 
involvement); and (c) CMR to reveal tissue changes, such as 
scarring (�brosis) and late gadolinium enhancement (LGE), 
consistent with myocardial in�ammation in the outer 
myocardium, visceral pericardium, and commonly the parietal 
pericardium. [21-25] Endomyocardial biopsy with tissue 
histopathological analysis is the gold standard for con�rming 
the diagnosis in severe or ambiguous cases [5]. 
Electrocardiograms o�en detect electrical abnormalities 
secondary to myopericarditis manifesting as arrhythmias, 
notably atrial �brillation and ventricular tachycardia. A history 
of recent SARS-CoV-2 infection and/or immune-related 
conditions may help guide further investigations. Di�erential 
diagnoses, including coronavirus infections or other viral 
infections, must be considered and ruled out [26]. 

 Since the initial vaccine rollouts in December 2020, 
numerous cardiovascular AEs have been linked to the 
COVID-19 mRNA injectable products manufactured by 
P�zer-BioNTech and Moderna. Postmarketing surveillance 
and pharmacovigilance data in 2021 revealed a signi�cantly 

increased risk of adverse cardiac events along with a wide 
variety of hematologic, neurological, autoimmune, and 
reproductive AEs [27-35]. Among the cardiovascular AEs 
most commonly associated with the COVID-19 mRNA 
vaccines are myocarditis, arrhythmias, thromboembolism, 
myocardial infarction, acute heart failure, acute coronary 
syndrome, coronary artery disease (CAD), postural 
orthostatic tachycardia syndrome (POTS), and Takotsubo 
cardiomyopathy [13,36]. A 2023 systematic review of studies 
focusing on cardiovascular complications concluded that 
“events such as thrombosis, thrombocytopenia, stroke, and 
myocarditis frequently occur with the mRNA vaccines studied 
[16].” In the largest multinational cohort study to date 
(n=99,068,901), using electronic health records to investigate 
the association between the COVID-19 vaccinations and 13 
AEs of special interest, the Global Vaccine Data Network 
identi�ed “prioritized” warning signals for myocarditis, 
pericarditis, and acute disseminated encephalomyelitis [37].

 �e CDC initially reported a safety signal for myocarditis 
in May 2021 [38]. By June 2021, approximately 296 million 
doses of the COVID-19 mRNA vaccines had been 
administered across the United States [39]. Of the total doses, 
52 million were administered to individuals aged 12–29 years, 
including 30 million �rst doses and 22 million second doses. 
From December 29, 2020, to June 11, 2021, a total of 1,226 
probable myocarditis cases were received by the Vaccine 
Adverse Event Reporting System (VAERS). About 58% of the 
patients for whom age data were available were under 30 years 
of age, and three out of every four cases were males. 
Physicians at the CDC evaluated 484 of the patient records 
and produced 323 con�rmed cases that met the agency’s case 
de�nition. Of these reports, 309 (96%) required 
hospitalization and were later discharged. In 2021-2022, 
observations of increased cardiac emergencies among 
COVID-19 mRNA-inoculated Israeli men and women under 
age 40 raised concerns of these vaccines as “a frequent cause of 
unexpected cardiac arrest in young individuals.” Nevertheless, 
early o�cial reports on AEs associated with COVID-19 
mRNA products did not highlight a signal for either 
myocarditis or pericarditis [40]. �e CDC’s V-Safe active 
surveillance system, utilizing a smartphone app for voluntary 
reporting of adverse reactions, did not include “chest pain” as 
an option for symptom reporting [41]. 

 A large study of health outcomes in children (ages 5-17, 
n=>3 million) who had received the P�zer mRNA product 
between December 2021 and June 2022 found the number of 
cases of both myocarditis and pericarditis was high enough to 
meet CDC’s criteria for a safety signal [42]. O�cial government 
estimates in 2021 placed the incidence of COVID-19 mRNA 
vaccine-related myocarditis at approximately 1-3 per 100,000 
mRNA recipients, leading the FDA to issue a warning about the 
risk of myocarditis associated with the BNT162b2 and 
mRNA-1273 products. �ese rates were consistent with what 
P�zer reported in its initial post-authorization safety 
document sent to the FDA. However, the estimates of 
COVID-19 mRNA vaccine-related myocarditis incidence 
obtained from prospective studies are orders of magnitude 
higher than the government’s estimates based on passive 
surveillance methods [43].

 COVID-19 mRNA products are, by de�nition, gene 
therapy products that rely on synthetic, modi�ed mRNA (or 
adenoviral vector DNA), encapsulated within a protective lipid 
nanoparticle vehicle [44]. �ese nucleic acids are designed to 
instruct the ribosomes in the body’s cells to produce the 
SARS-CoV-2 spike protein, the intended target antigen. 
Although the P�zer and Moderna products are di�erent, they 
both utilize the synthetic, modi�ed mRNA, which encodes for 
the same recombinant spike protein corresponding with the 
protein identi�ed on the surface of SARS-CoV-2. For this 
reason, both mRNA products could also be labeled “gene 
therapy vaccines” �e products also meet the de�nition of 
“prodrugs”, as they prompt the recipient’s cells to synthesize the 
spike protein, the �nal product and main constituent of this 
immunization strategy [11,45]. �e FDA’s regulatory guidance 
for gene therapy products calls for 5-15 years of safety 
follow-up due to the anticipated long-term persistence of the 
genetic material, along with the possibility that it may 
incorporate into DNA and cause semi-permanent change to a 
mosaic of cells. �roughout this review, we adhered to writing 
guidelines and reporting standards in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).

Individual Susceptibility Factors
Factors such as age, sex, genetics, chronic in�ammation, and 
preexisting comorbidities may in�uence susceptibility to 
COVID-19 mRNA vaccination-related myocarditis. 

Age and gender
�ere are strong associations between COVID-19 mRNA- 
related acute myocarditis and both younger age and male 
predominance. Men under age 40 are at a heightened risk of 
acute myocarditis following mRNA vaccination [46, 47]. �e 
risk appears to be greatest for adolescent men (ages 12-24). 
For this population subgroup, the risk of mRNA 
vaccine-related myocarditis or pericarditis is nearly seven 
times higher than that of adolescent women [48]. 
Mechanistically, the age-related aspect may be attributed to 
the younger individual’s robust immune response, triggered 
by the lipid-nanoparticle- encapsulated synthetic mRNA and 
resultant spike protein, with both potentially interacting 
directly with cardiac tissues [49,50]. Adolescents possess a 
developing immune system, which might exhibit heightened 
sensitivity to the spike protein's presence, leading to more 
robust in�ammatory cardiac responses [51]. �e predilection 
for young men points to the possible involvement of 
androgen receptors in host cardiac and immune cells, setting 
the stage for a hormonal interaction in the genesis of some 
cardiac disorders [52,53]. In addition, compared to their 
female counterparts, men with myocarditis show increased 
levels of heart failure biomarkers, such as soluble ST2, 
creatine kinase, myoglobin, and T helper 17-associated 
cytokines, indicating a heightened in�ammatory response 
and myocardial injury that may elevate heart failure risk and 
worsen outcomes [54]. Although young women are also at 
risk, myocarditis risk in general is greater in older women 
(<50 years old). �e latter sex-speci�c age-related 
phenomenon may be attributed to the multiple 

cardioprotective properties of estrogen, which is highest in 
younger women [55].

Chronic inflammation and comorbidities
COVID-19 mRNA may interact with chronic in�ammatory 
conditions. A study by Jeon et al. investigated the e�ects of 
COVID-19 mRNA vaccines in a mouse model with chronic 
in�ammation, focusing on cardiac toxicity and immune 
responses [49]. Intravenous (IV) administration of mRNA, 
with or without pre-existing in�ammation, was linked to 
increased cardiac in�ammation, including myocarditis. 
In�ammatory cytokines IL-1β and IL-6 were elevated, and 
mice with pre-existing chronic in�ammation showed 
signi�cant cardiac damage, evidenced by increased serum 
troponin I levels. �ese �ndings suggest that mRNA vaccines 
may amplify cardiac AEs in individuals with chronic 
in�ammatory conditions, such as obesity, diabetes, or arthritis 
[56-59]. Individuals with various chronic conditions appear to 
be at increased risk of developing myocarditis [60]. Chronic 
low-grade in�ammation and hypercoagulation (increasing 
thrombosis risk) may interact synergistically with the adverse 
cardiovascular e�ects of the mRNA vaccinations [61]. Heil 
hypothesizes that mRNA vaccine products may generate 
pro-in�ammatory self-DNA (e.g., cell-free, double-stranded 
DNA), which can drive systemic in�ammation and 
autoimmune reactions targeting cardiac tissues and potentially 
causing myocarditis [62,63].�ese �ndings underscore the 
need for further research on the potential ampli�cation of 
myocarditis risks following mRNA vaccines in individuals 
with preexisting chronic in�ammation and related 
comorbidities.

Genetic factors
Various genetic factors may determine the relative susceptibility 
of the recipient. Ittiwut and colleagues have identi�ed genetic 
predisposition as a potential factor in�uencing the variability 
in sudden death cases [64]. �eir research highlighted a 
strong association between polymorphisms in the SCN5A 
channel and an increased incidence of sudden death. In a 
cohort study of Hong Kong adolescents (n=43) diagnosed 
with myocarditis shortly a�er the BNT162b2 vaccination, She 
et al. performed a pathway analysis and identi�ed 2,182 
genomic clusters potentially associated with myocarditis and 
other cardiac AEs, due in part to their associations with 
cardiac conduction, ion channel regulation, plasma 
membrane adhesion, and axonogenesis [65]. �e �ndings 
indicate a possible genetic predisposition in these 
cardiac-functional domains. Finally, Chen and colleagues 
identi�ed several single nucleotide polymorphisms (SNPs) 
that were associated with AEs a�er the �rst or second dose of 
the mRNA vaccines [66]. �ese same SNPs play key roles in 
immune regulation and have been associated with several 
autoimmune diseases and cancer types. In the future, it may 
be possible to construct a comprehensive genomic panel that 
could help predict increased susceptibility to myocarditis and 
other AEs linked with COVID-19 mRNA inoculations. More 
research is needed in this area. In the meantime, clinicians 
should perform a comprehensive arrhythmia and 
cardiomyopathy panel in serious cases of vaccine-induced 
myocarditis [67].

Dose Number, Manufacturer, and Batch Variability
One of the most consistent �ndings from large observational 
studies to date (see Table 1) is the myocarditis-related impact of 
the second dose of the COVID-19 mRNA products. Foltran and 
colleagues evaluated more than 4,900 AEs of COVID-19 mRNA 
vaccines in adolescents (ages 12-17) based on 
pharmacovigilance data from 148 countries [78]. Compared to 
the �rst dose, the second dose of synthetic mRNA was 
associated with a �ve-fold increase in the reporting odds of 
myocarditis and/or pericarditis, with 85% of reports being 
among boys. A systematic review and meta-analysis of the 
observational study evidence by Gao et al. (n=59 million) 
showed a signi�cant correlation between COVID-19 mRNA 
vaccines and risk of myocarditis, with a four-fold increased risk 
in those who received the second dose compared with those 
who had received the �rst dose (RR, 4.06; 95% CI: 2.08-7.92) 
[15]. Moreover, the review found that Moderna’s mRNA-1273 
resulted in twice the risk of myocarditis or pericarditis when 
compared to P�zer’s BNT162b2 (RR, 4.15; 95% CI=1.87-9.22, 
versus RR, 2.19; 95% CI=1.46-3.29, respectively). In large 
cohort studies in Canada and Scandinavia, the incidence of 
excess myocarditis events was three to �ve times higher for 
younger males (age range: 16-24) a�er the second dose of 
mRNA-1273 when compared to the second dose of BNT162b2 
[14,69]. Myocarditis rates associated with the second dose of 
either mRNA product have been consistently higher than the 
rates associated with the �rst and third doses. 

�e following points provide further insight into the variability 
in mRNA vaccination e�ects among individuals:

Increased mRNA dose of mRNA-1273
�e mRNA dose is di�erent for the P�zer and Moderna 
products, with Moderna’s mRNA-1273 having the highest 
concentration and consistently showing a stronger e�ect. �e 
primary series for mRNA-1273 contains about three times the 
concentration of mRNA (100 micrograms) when compared to 
BNT162b2 (30 micrograms) [79]. Given the consistency of 
�ndings with regard to myocarditis and many other serious 
AEs, this suggests a dose-response relationship.

Lower mRNA concentration in third dose (“booster”) 
of mRNA-1273
�e booster dose for mRNA-1273 contains only half the amount 
of mRNA (50 micrograms) as compared to the primary series. 
Stowe et al. found that the myocarditis risk di�erence between 
the second and the third doses was most pronounced for 
mRNA-1273 when used for boosting instead of priming [71]. 
�is further suggests that the degree of risk of myocarditis 
following vaccination could be associated with the relative 
dosage of the mRNA products.

Impact of repeated or successive doses
�ere is ample evidence that repeated injections of the mRNA 
products may increase the likelihood of autoimmune and 
autoin�ammatory phenomena associated with myocarditis and 
other serious cardiac events [80,81]. �e recommendation for 
ongoing boosters may result in chronic immune dysfunction (in 
particular, T-cell exhaustion and antibody class-switching to 
IgG4), thus reducing protection against infections while also 

inducing new-onset autoimmune disease and accelerating 
latent autoimmune diseases [81-83]. Also relevant is the 
repeated exposure to plasmid DNA process-related impurities 
such as the double-stranded RNA found within COVID-19 
mRNA products [84]. �is aberrant RNA may trigger 
dose-dependent activation of the innate immune system and 
subsequent in�ammatory AEs that may be pivotal to the 
pathogenesis of myocarditis [85]. 

Exposure risk for dose 2 represents the sum of two 
doses
�e choice to receive the mRNA vaccination originally meant 
the choice to take two doses approximately 21-28 days apart. 
�us, with regard to data from 2021-2022, an individual’s choice 
to “fully vaccinate” meant deciding to take dose 1 and 
subsequently, dose 2, assuming no severe reactions occurred 
a�er dose 1. Because the biological impact of these mRNA 
vaccines persists for at least six months, the myocarditis risk 
associated with the choice to fully vaccinate represents the sum 
of risks for both doses. (For additional insight, see Section 4.1 of 
the preprint by Bourdon et al.) [86].

 Most studies suggest that the median time to onset of 
myocarditis symptoms a�er administration of the COVID-19 
mRNA products is 2-4 days following the second dose [87,88]. 
�e rapid appearance of symptoms, which can arise a�er either 
dose in the primary series, further supports the likelihood of a 
direct causal relationship. It is for these reasons that 
observational studies of mRNA vaccine-related myocarditis risk 
should not only stratify by age and sex, but also by dose number 
and manufacturer.

Product type and batch variability
An additional explanation for the wide range of individual 
responses and AEs following COVID-19 mRNA vaccinations is 
product type and batch variability. Because mRNA technology 
is inherently unstable, some mRNA batches may contain low 
levels of intact mRNA [89]. Additionally, the European 
Medicines Agency identi�ed double-stranded RNA (dsRNA) 
contamination in the P�zer and Moderna mRNA products 
[90,91]. �is dsRNA can activate innate immune responses 
through the MDA5 protein, leading to pro-in�ammatory 
cytokine release, chronic in�ammation, and increased risk of 
conditions such as myopericarditis [92-94]. �e P�zer product 
has been shown to contain physiologically signi�cant levels of 
dsRNA, with evidence suggesting partial dependence of 
adaptive immune responses on MDA5 in preclinical models 
[95]. Current manufacturing processes aim to eliminate 
bacterial DNA templates, yet contamination persists, raising 
grave concerns about long-term safety. Quality control 
challenges are further complicated by the need for stringent 
cold-chain maintenance, with improper handling potentially 
exacerbating variability in AEs. A novel assay for detecting 
dsRNA impurities in mRNA products, including those with 
N1-methyl-pseudouridine, has improved sensitivity and 
e�ciency, o�ering the potential to enhance quality control 
practices [93]. However, variability in AE rates may also stem 
from batch-speci�c impurities and di�erences in handling 
practices [96]. 

 Schmeling et al. analyzed serious AE data from P�zer 

mRNA batches in Denmark and identi�ed signi�cant 
heterogeneity in AE rates, with a median of 2.32 AEs per 1000 
doses (IQR: 0.09–3.59; p < 0.0001) [97]. �is batch-dependent 
safety signal highlights the need for further investigation, 
though temporal trends were not explored. Sequencing studies 
have revealed high levels of DNA contamination in P�zer and 
Moderna booster products, exceeding EMA and FDA safety 
thresholds [98,99]. Such contamination underscores the 
importance of robust mRNA puri�cation processes to minimize 
risks. In summary, batch variability and process-related 
impurities, including dsRNA and DNA contaminants, may 
contribute to di�erences in COVID-19 mRNA vaccine-related 
AE rates, including myocarditis.

Warning Signs from Diverse Epidemiological 
Sources
Various sources of epidemiological data collectively highlight 
an emerging pattern suggesting that the risks of myocarditis 
associated with COVID-19 mRNA vaccines, particularly when 
administered to younger populations, may have been 
underestimated by regulatory agencies. Spanning a wide range 
of methodologies and contexts, these sources include the 
following: (1) registrational trial data from P�zer and Moderna; 
(2) con�dential post-EUA safety data; (3) prospective cardiac 
function studies; (4) autopsy �ndings; (5) analyses from the U.S. 
military health system, (6) actuarial data from life insurance 
companies, (7) large-scale passive surveillance data, (8) 
individual case reports, and (9) observations from professional 
athletic organizations. �e convergence of evidence across these 
varied sources creates a compelling narrative and indicates a 
coherent framework of causation that merits serious attention 
from public health and medical authorities. 

Re-analyses of Pfizer and Moderna trial data
�e most striking revelations concerning these serious cardiac 
events come from meticulous reanalyses of the registrational 
trial data that led to global distribution of the COVID-19 
mRNA products [100,101]. A combined reanalysis of the P�zer 
and Moderna pivotal found a 45% trend increase for 
cardiovascular death (RR, 1.45; 95% CI 0.67-3.13) in the mRNA 
arms compared to the placebo arms [102]. In the P�zer trial, 
there were twice as many cardiovascular AEs in the mRNA arm 
versus placebo [103]. �e rigorous reanalysis of this trial by 
Fraiman and colleagues demonstrated a statistically signi�cant 
36% higher risk (RR, 1.36; 95% CI: 1.02-1.83) of serious AEs in 
the mRNA group versus placebo. Performed by an international 
team of established vaccine safety experts utilizing the Brighton 
Collaboration’s Safety Platform for Emergency vACcines 
(SPEAC), the analysis also found signi�cantly more 
cardiovascular AEs of special interest (categorized as 
“myocarditis/pericarditis” and “other forms of acute cardiac 
injury”, see Table 3 of Fraiman et al.) in the COVID-19 mRNA 
group than in the placebo group. 

 Similarly, Michels and colleagues conducted an in-depth 
reanalysis of data pertaining to P�zer’s six-month interim 
report along with additional narrative reports not originally 
shared with the FDA’s vaccine advisory committee prior to 
authorization. �eir study showed a signi�cant 3.7-fold increase 
(OR 3.7; 95% CI 1.02–13.2, p=0.03) in serious cardiac events 

among the BNT162b2 recipients [104]. Two of the sudden 
deaths (by cardiac arrest) among women in the trial were 
concealed by P�zer until a�er the emergency use authorizations 
(EUAs) were issued [105]. Remarkably, neither the original trial 
publication nor P�zer’s Summary Clinical Safety report had 
addressed the trial’s own safety signal regarding serious cardiac 
events [106,107]. Had these �ndings concerning cardiac risks 
been openly shared with FDA’s advisory committee, the agency 
likely would have denied or delayed the EUA.

Confidential post-EUA safety data
According to con�dential P�zer documents initially requested 
by the European Medicines Agency and later by the Public 
Health and Medical Professionals for Transparency (via lawsuit, 
a�er the FDA refused to comply with a Freedom of Information 
Act request), as of August 2022, the manufacturer had accrued 
data for approximately 1.6 million AEs linked with the mRNA 
vaccines [28,108,109]. Collectively, these documents included 
detailed records of the following:

• Nearly 127,000 reported cardiac disorders;
• Approximately 270 categories of heart damage, including 

myocarditis and pericarditis;
• Approximately 260 categories of vascular disorders, 

encompassing 73,542 cases;
• Nearly four (3.66) times more cardiovascular adverse 

events in women as in men [110];
• Twice as many serious cardiovascular events as non-serious 

cardiovascular events [28].
• Most of the serious cardiovascular events occurred in 

younger adults (<40), 92% of whom had no comorbidities 
[109]. 

 �e con�dential P�zer documents cited above revealed 
that myocarditis occurred most o�en in young men age 16 and 
over, with a mean age of 37.2 years and a median age of 32.0 
years [111]. It should be noted that P�zer classi�ed myocarditis 
under the “Immune-Mediated/Autoimmune” category rather 
than in the “Cardiovascular” category [112]. Although 
myocarditis can have an immune-mediated pathogenesis, 
omitting it from the “Cardiovascular” category raises concerns 
about data transparency. Regardless, the serious cardiac event 
�ndings revealed by the previously concealed P�zer documents 
have led many medical scientists to question the products’ 
safety, along with triggering speculations that the rise in excess 
mortality in extensively “vaccinated” countries observed in 
2021-2022 was more strongly linked with the worldwide 
COVID-19 vaccination campaign than with SARS-CoV-2 
infection [113-117].  

Prospective measurements of cardiac function and 
cardiomyocyte injury
Whenever su�cient randomized trial safety data are lacking, 
prospective studies o�er the most reliable way to assess 
potential safety issues and should take precedence over most 
other study designs. Most essential are prospective studies that 
monitor cardiac function via pre- and post- vaccination 
troponin levels, along with ECG and possibly 
echocardiography. In an elegant cohort study, Mansanguan et 
al. enrolled students from two schools in �ailand aged 13-18 
years who received the second dose of BNT162b2 [118]. �e 

researchers prospectively collected pre- and post-vaccination 
data on demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes, at four di�erent times 
within a 14-day period. Cardiovascular symptoms occurred in 
nearly one-third (29.24%) of all participants, with the most 
common symptoms being tachycardia (7.64%), shortness of 
breath (6.64%), chest pain (4.32%), palpitation (4.32%), and 
hypertension (3.99%). Out of 301 students, four had subclinical 
myocarditis, two individuals had suspected pericarditis, and one 
was diagnosed with acute myopericarditis. One in every 43 
participants (2.3%) showed some form of cardiac in�ammation 
following COVID-19 mRNA vaccination. �e clinical 
presentation of myopericarditis following vaccination was 
typically mild and transient, with all cases fully recovering within 
14 days. �is study’s incidence rate is much higher than the rates 
for males who are roughly in that age range, based on large 
observational studies: 13-37 cases per 100,000 (0.013%-0.037%) 
a�er the second BNT162b2 dose (see Table 1) [73,119]. 
According to the CDC, the risk of myocarditis in boys (12–17 
years) a�er the second mRNA dose is only 6.67 cases per 100,000, 
versus 0.14 cases per 100,000 in those aged ≥65 years [120]. 

 In a Taipei City (Taiwan) study of 4928 students (12-18 
years) and a male/female ratio of 4576/352, 763 students 
(17.1%) had at least one cardiac symptom a�er the second 
BNT162b2 dose, mainly chest pain and palpitations [121]. �e 
researchers obtained pre- and post-vaccination ECGs on all 
students. Heart rate increased signi�cantly a�er the vaccine, 
with a mean increase of heart rate of 2.6 beats per minute. �e 
depolarization and repolarization parameters (QRS duration 
and QT interval) decreased signi�cantly a�er the vaccination 
with increasing heart rate. Abnormal ECGs were observed in 51 
(1.0%) of the students, one of whom was diagnosed with “mild” 
myocarditis and another four with signi�cant new-onset 
arrhythmias. �irty-three students sought medical help a�er 
positive ECG �ndings; troponins and other biomarkers were 
subsequently measured. Ten subjects (23.2%) were suspected of 
having pericarditis due to ST-T change and increased C-reactive 
protein, but echocardiography �ndings were negative as is o�en 
the case in early pericarditis. �us, cardiac symptoms in young 
people appear to be quite common a�er the second dose of 
BNT162b2, as high as 1.5 per 10,000 persons, though the 
incidence of myocarditis was relatively low at 0.02%. However, a 
major limitation of this study was the selective use of troponin 
measurements, rather than applying these measures to the 
entire study sample.

 In a Swiss study, Buergin et al. analyzed high-sensitivity 
cardiac troponins and other biomarkers of myocardial injury in 
hospital employees (n=777) before and a�er receiving the 
mRNA-1273 booster (third dose) [122]. One out of every 35 
persons injected, or 2.8% [95% CI: 1.7-4.3%], showed evidence 
of mRNA-associated subclinical myocarditis. None of the 
individuals with elevated markers of myocardial injury had a 
prior history of cardiac disease. Half of the participants with 
myocardial injury (11 out of 22) reported nonspeci�c 
symptoms such as fever and chills, while two experienced chest 
pain, which met the Brighton Collaboration criteria for 
probable myocarditis. Notably, none of these adjudicated cases 
exhibited ST-segment depression or T-wave inversion. �e 
median age of individuals with myocardial injury a�er the 

mRNA-1273 booster was 46 years, which di�ers considerably 
from the age pro�le commonly reported for clinical myocarditis 
cases associated with the mRNA inoculations. However, the 
Swiss cohort had a median age of 37 years and was mostly 
comprised of women (69.5%), thereby skewing the sex-speci�c 
�ndings: the mRNA-1273 booster was linked with signi�cantly 
higher rates of myocardial injury in women compared to men 
(3.7% vs. 0.8%). Again, this �nding contrasts sharply with the 
observed sex distribution of COVID-19 mRNA vaccine-related 
myocardial injury during passive surveillance of clinically 
signi�cant myocarditis following the second dose, where cases 
are predominantly seen in young males [123]. 

 COVID-19 mRNA-associated myocardial injury may be 
far more common than is generally understood, as symptoms 
are o�en mild, nonspeci�c, or even absent, thus escaping 
passive surveillance and observational studies of hospitalized 
cases. �us non-hospitalized cases with mild cardiovascular 
symptoms are appropriately diagnosed as subclinical 
vaccine-induced myocarditis. �e prospective studies of 
Mansanguan et al. and Buergin et al., despite their relatively 
small size, provide more meaningful estimates due to the 
cardiac assessments being made before and a�er the second and 
third doses. Taking into consideration results from both of these 
studies, the rate of myocarditis in young adults may be 
estimated to be 2.5% (2,500 cases per 100,000) a�er the second 
or third COVID-19 mRNA dose. �is estimate is markedly 
higher than rates reported in large observational studies, 
typically in the range of 5-40 myocarditis cases per 100,000 
younger male adolescents a�er the second mRNA dose (see 
Table 1). 

Autopsy data
Whereas most reported cases of myocarditis have shown a 
clinically mild course with rapid symptom resolution, in some 
instances the individual with myocarditis has required 
hospitalization with intensive care support or even died from 
acute heart failure. Direct evidence of such fatal harms comes 
from autopsy studies. Schwab et al., conducted a case-series 
study analyzing autopsy �ndings from 25 individuals in 
Germany who died unexpectedly at home within 20 days of 
receiving a COVID-19 vaccination [124]. In �ve cases (20%), 
unique histological evidence of lymphocytic myocarditis was 
identi�ed in the form of focal and interstitial in�ammatory 
in�ltration of the myocardium. �ese �ndings establish the 
histological phenotype of lethal mRNA-associated myocarditis. 
Extensive testing ruled out infectious agents as potential causes, 
leading the researchers to conclude that the COVID-19 mRNA 
products were the most plausible cause of these deaths. Other 
details about the myocarditis fatalities were as follows: “�ree of 
the deceased persons were women, two men. Median age at 
death was 58 years (range 46–75 years). Four persons died a�er 
the �rst vaccine jab, the remaining case a�er the second dose. 
All persons died within the �rst week following vaccination 
(mean 2.5 days, median 2 days).”

 In the largest study of its kind, Hulscher and colleagues 
performed a systematic review of autopsy �ndings following 
COVID-19 vaccination based on the �ndings from 44 studies, 
comprising 325 autopsy cases and one necropsy case (mean age 
of death, 70.4 years) [125]. �ree independent physicians 

reviewed and adjudicated each case to determine whether the 
COVID-19 vaccination was a direct or signi�cant contributing 
factor to death. �eir analysis revealed that 240 deaths (73.9%) 
were directly or signi�cantly associated with the vaccines. For 
these 240 adjudicated cases, the mean age of death was 55.8 
years, with a range of 14 to 94 years. �e causes of death 
included sudden cardiac death (35%), pulmonary embolism 
(12.5%), myocardial infarction (12%), vaccine-induced 
immune thrombotic thrombocytopenia (7.9%), myocarditis 
(7.1%), multisystem in�ammatory syndrome (4.6%), and 
cerebral hemorrhage (3.8%). �e authors concluded that the 
patterns of mortality observed aligned with known 
mechanisms of COVID-19 vaccine-related AEs, supporting a 
probable causal link between mRNA vaccines and the reported 
deaths. �ey emphasized that these �ndings underscore 
existing concerns about COVID-19 mRNA-induced 
myocarditis, myocardial infarction, and broader e�ects of the 
spike protein. On average, deaths occurred 14.3 days a�er the 
mRNA inoculation, with most of the deaths occurring within 
one week, similar to the Schwab et al. study. In a follow-up 
adjudicated autopsy review, Hulscher et al., reported in greater 
detail on 28 other deaths that were attributed to the mRNA 
vaccines [126].

 Such extensive post-mortem examinations provide critical 
causal insights into the more serious AEs linked with the 
COVID-19 mRNA vaccines. It is important to emphasize that, in 
both the Schwab et al. and Hulscher et al. studies, these deaths 
attributed to myocarditis occurred among older groups. Older 
adults may be more vulnerable to myocarditis-related deaths 
following mRNA vaccines due to age-related immune 
dysregulation, which can exacerbate in�ammatory responses 
[127]. Additionally, pre-existing cardiovascular conditions or 
comorbidities common in older populations may heighten 
susceptibility to myocarditis complications. �is combination of 
increased age-related in�ammation and pre-existing cardiac 
vulnerability may account for the heightened risk of fatal 
outcomes among older adults. Despite these alarming �ndings, 
administrative obstacles, such as discouragement of autopsies and 
delayed autopsy reports, o�en impeded thorough risk assessments 
during the pandemic, thereby misinforming the public about 
vaccine safety and weakening public health policy [128].

U.S. military data
It was the U.S. military health system that initially identi�ed a 
myocarditis signal in young, predominantly white males a�er 
receiving the COVID-19 mRNA vaccines [21,129,130]. �is 
rapid identi�cation was facilitated by prior experience with 
enhanced smallpox vaccine safety monitoring (to help protect 
against aerosolized smallpox, a Category A bioterrorism 
infectious agent), which emphasized the importance of 
detecting and reporting new-onset cardiac symptoms. In the 
�rst two years of the COVID-19 mRNA rollouts, 
approximately 80% of the U.S. military consisted of males, 
with about 75% being 35 years old or younger [131,132]. 
From the outset, all military personnel were required to 
receive two doses of the COVID-19 mRNA vaccination 
[133]. �e Defense Medical Epidemiology Database 
(DMED) is the medical events database for all active and 
reserve U.S. military. Romero and colleagues examined the 

2021 DMED data for the incidence of myocarditis and many 
other medical conditions in order to investigate a potential 
relationship with COVID-19 mRNA vaccines [134]. �ey 
compared annual incidence rates from �ve prepandemic 
years to 2021 and took into account the total number of 
military personnel for each study year. When the data were 
adjusted to re�ect cases per month per 1,000 individuals, the 
incidence of myocarditis in 2021 was more than double that 
of each of the preceding �ve years. �is �nding aligned with 
age-strati�ed myocarditis data from VAERS, which revealed 
myocarditis reports for COVID-19 vaccines to be over four 
times higher than those for in�uenza vaccines and nearly 
thirteen times higher than for pertussis vaccines, based on 
the percentage of total reports. Overall, the DMED trends 
were consistent with VAERS and other surveillance systems, 
showing signi�cant increases in numerous medical 
conditions in 2021 following the introduction of the 
COVID-19 mRNA vaccinations compared to the 
pre-pandemic reference period.

U.S. life insurance data
�e adverse cardiovascular impact of the COVID-19 mRNA 
vaccines on younger age groups was further highlighted by the 
extraordinary reports from U.S. life insurance companies 
during the latter half of 2021. Mortality data from these sources 
are meticulously collected and audited for �nancial and 
actuarial accuracy, ensuring a high level of precision. Because 
the datasets are continuously updated and represent a 
substantial segment of the insured population, they provide 
real-time insights into mortality trends that complement public 
health data. Data from the Group Life insurance survey 
indicated that mortality in the general U.S. population 
increased by 32% during the third and fourth quarters of 2021, 
while the Group Life policyholders experienced a 40% rise, a 
notable 8% di�erence [135]. Group Life policyholders are 
typically younger, well-employed, and generally healthy 
individuals who, according to a 2016 U.S. Society of Actuaries 
(SOA) analysis, historically died at approximately one-third the 
rate of the broader U.S. population. �e 2021 data revealed a 
stark reversal of this trend.

 Excess mortality within the Group Life cohort was assessed 
by comparing the baseline death rates from 2017 to 2019, 
adjusted for seasonal variations, and incorporating CDC data. 
Notably, between the second and third quarters of 2021 
(coinciding with the start of the second phase of the U.S. 
vaccination campaign), excess mortality rates surged. �e same 
SOA analysis documented a 36% increase for individuals aged 
25–34, 50% for those aged 35–44, and 52% for the 45–54 age 
group. �is represents an unprecedented average increase of 
46% in excess deaths across these age groups, though averaging 
obscures the more severe impacts within speci�c cohorts. SOA 
insurance analysts have described these increases as 
“catastrophic” and “unparalleled” in scope. �ese mortality 
trends were most likely attributable, in large part, to 
cardiovascular deaths. Based on both the Group Life and U.S. 
Population data, the deaths from major cardiovascular disease 
showed the steepest upward trend from March 2021 to 
December 2021 (Figure 1).
 Overall, the US SOA data indicate a strong temporal 

COVID (18.2%), whereas the 0–44 age band has the highest 
excess mortality from non-COVID causes (18.8%). �e 
working-age population continues to see the highest A/E 
ratios. �e 35–44 age band continues to have the highest 
cumulative A/E during the pandemic and has the highest 
non-COVID excess mortality as well” [135].

 In a public statement, the CEO of OneAmerica insurance 
company reported a 40% increase in mortality among 
working-age individuals (18–64) during the third and fourth 
quarters of 2021 compared to pre-pandemic baselines [136]. 
Notably, the majority of these excess deaths were not directly 
attributed to COVID-19. A mortality increase of this 
magnitude is statistically extraordinary, as even a 10% rise in 
excess deaths is typically considered a rare, 1-in-200-year event 
[136]. �e spike in excess deaths for all U.S. adults under age 55 
coincided with the enforcement of vaccine mandates, 
particularly among military and healthcare workers, during the 
summer and fall of 2021 [137]. Between March 2021 and 
February 2022, an estimated 61,000 excess deaths occurred 
among Americans under 40 years old, comparable to the total 
U.S. servicemen fatalities during the Vietnam War [138]. �is 
astonishing death toll went unreported by major U.S. news 
organizations.

VAERS data (U.S.) 
�e VAERS pharmacovigilance database is a collection of 
voluntary reports from individuals who have experienced or 
observed side e�ects or AEs from vaccines and biological 
products. Individuals reporting to VAERS typically include 
patients, parents or guardians, and healthcare professionals 
comprising approximately 67% of the reporters [139]. �e 
database is designed to inform the owners of these data 
(CDC, FDA, and Health & Human Services) of emergent 
safety signals, thus providing an early-warning system for 
potential vaccine safety problems [140]. Subsequent 
assessment of harms associated with pharmaceutical and 
biological products can be performed using Bayesian 
analyses, Proportional Reporting Ratio (PRR) analyses and 
the Bradford Hill criteria for causality assessments. For 
example, following a query of the VAERS database, 
disproportionality measures utilizing PRR analyses indicated 
a statistically signi�cant association (i.e., signal) between the 
COVID-19 mRNA vaccines and various cardiovascular 
events [141]. In the VAERS study by Gargano et al., 
myocarditis reporting rates were 40.6 cases per million 
second doses of the COVID-19 mRNA inoculations 
administered to males aged 12−29 years and 2.4 per million 
second doses administered to males aged ≥30 years [39]. �e 
highest myocarditis reporting rates were for male adolescents 
12–17 years and those aged 18−24 years (62.8 and 50.5 cases 
per million second doses of the COVID-19 mRNA 
administered, respectively). �ese data are not valid because 
VAERS is not a prospective cohort with baseline and followup 
measures in all vaccine recipients.

 It is important to acknowledge that underreporting and 
variability in report quality are major limitations of large 
passive surveillance systems [142]. Harvard-sponsored 
research estimates that, on average, less than one in every 100 

AEs (<1%) experienced in the general population is 
submitted to VAERS [143]. For this reason, any estimates 
generated from VAERS must be deemed conservative and are 
best used to spotlight a signal in the population and to help 
stimulate the conduct of large observational studies. Large 
observational studies will generally provide more reliable 
data, although they too must be considered estimates due to 
the pervasive reality of subclinical myocarditis. For example, 
a study by Shar� et al. examined myocarditis rates in a group 
of 65,785 individuals aged 18 to 39 and reported an incidence 
of 9.1 cases per 100,000 booster doses within 21 days 
post-vaccination [70]. �is �gure greatly exceeded the 0.2 
cases per 100,000 reported for that age group by VAERS, 
which cannot be utilized for incidence estimates [144]. 
Nonetheless, because there was no prospective monitoring of 
cardiac function by Shar� et al., the subclinical cases were 
vastly underreported.

 Note: A crude estimate of the underreporting factor for 
myocarditis in adolescents, ages 12-18, may be derived using 
the estimate from Mansanguan et al., which found 1 in 60 
(1.7%) male adolescents developed either myocarditis or 
myocarditis (excluding the 2 pericarditis cases) [118,145]. , 
Combining that estimate with the more conservative estimates 
from Chua et al. (18.5/100,000 = ~0.02%) and Shar� et al. 
(37.7/100,000 = ~0.04%), the underreporting factor for 
mRNA vaccine-related myocarditis for these younger 
individuals would be 1.7/0.03 = 57. �us every incidence 
estimate from large observational or surveillance studies 
could be multiplied by 57 to arrive at a more accurate number 
[73].

 A recent VAERS analysis revealed that myocarditis cases 
reported in VAERS following the 2021 COVID-19 vaccine 
rollouts were 223 times higher than the combined average for 
all vaccines over the previous 30 years [47]. �is translates to 
a dramatic 2500% increase in reported cases compared to the 
period before 2021. Demographic data from the study 
showed that youths accounted for 50% of the cases, with 
males comprising 69%. Notably, 76% of those cases reported 
to VAERS required emergency medical care or 
hospitalization, and tragically, 92 individuals died (3% of 
cases). �e study also found a signi�cantly higher risk of 
myocarditis a�er the second mRNA dose (p < 0.00001), with 
younger individuals (under 30 years) being particularly 
vulnerable compared to older populations (p < 0.00001). �e 
Rose et al. �ndings suggest a strong association between 
COVID-19 mRNA vaccines and myocarditis, particularly 
among young males, leading to hospitalization and, in some 
cases, death.

 As of October 2024, there were over 1.6 million VAERS 
reports of injury in the context of the COVID-19 mRNA 
products alone, with 25% of these being considered serious AEs, 
to include death, disability and life-threatening illnesses. �is 
�nding is 10% above the upper limit for an acceptable 
percentage of SAEs as per any standard list of AEs.† �e 
staggering increase in reports as of 2021 when compared to the 
total number of reports for all vaccines combined for the past 30 
years is clearly depicted in Figure 2.
      

In a timeframe-matched period consisting of 462 days, 2.3 times 
as many COVID-19 vaccines were administered than for 
in�uenza vaccines. Figure 3 shows that in spite of this, the 
COVID-19 vaccinations were associated with 118 times more 
reports (Figure 3 - right) and perhaps even more alarming, 6.2 
times as many types of AEs (Figure 3 - le�). �is suggests that the 
COVID-19 product harms are systemic as indicated by the high 
number of a wide range of AE reports, which alludes to an 
immune system dysfunction. �ere is no other reasonable 
explanation for such a disparity between the types of AEs reported 
when comparing COVID-19 products to in�uenza vaccines.

 �e total number of AE reports in VAERS in the context of 
the COVID-19 mRNA vaccinations normalized per million 
doses administered per age group is shown in Figure 4. It is 
notable that the rate for the 0-4 age group is high considering 
the administration roll-out to infants began long a�er the older 
age groups. It makes sense that the highest rates are seen for the 
older age groups considering that they were �rst in line to be 
administered these products as part of the roll-out.

Case report data
Epidemiological studies have revealed a strong temporal 
relationship between the COVID-19 mRNA products and acute 
myocarditis. Since June 2021, hundreds of peer-reviewed 
studies have focused on cardiac events following COVID-19 
vaccination against the coronavirus infection (SARS-CoV-2 
and Omicron variants). One of the earliest reports, published in 
Circulation, was a case series of seven myocarditis patients, all 
men under age 40, only one of whom had been previously 
infected with SARS-CoV-2 [4]. We performed a Pubmed search 
(15 November 2024) using “myocarditis” and “myopericarditis” 
in the title, and the terms “COVID-19” and “case reports” in all 
�elds. Systematic reviews and large case-series reports were 
excluded from this search strategy. Only case reports and small 
case series (<10) were included to allow for a more granular 
analysis of individual factors such as number of doses, interval 
between injections, and coronavirus reinfections.

 Prior to May 2021, there were 13 case reports of 
myocarditis in the pandemic literature, all of which attributed 
the heart in�ammation to SARS-CoV-2 infection. From May 
2021 to November 2024 (42 months, or 3.5 years), the search 
produced a total of 267 case reports that identi�ed either the 
coronavirus infections or COVID-19 vaccinations as the 
precipitating factor for myocarditis. Of this total, 241 cases 
(90%) attributed the myocarditis to the COVID-19 mRNA 
vaccinations, while the remaining 26 reports (10%) identi�ed 
the coronavirus infection as the most likely cause of the 
myocarditis, bringing the total number of “Covid infection” 
case reports to 39. �us there were about six times as many case 
reports of myocarditis linked with the COVID-19 mRNA 
vaccinations as there were reports linking myocarditis with 
SARS-CoV-2 infection.

 �e sharp increase in case reports following the rollout of 
COVID-19 modi�ed mRNA vaccines suggests a signi�cant link 

between these products and the incidence of 
myocarditis. From May 2021 to November 
2024, there were 241 case reports of 
myocarditis in PubMed with mRNA 
vaccines cited as the contributing factor, 
compared to only 39 cases linked with the 
coronavirus infection. It is noteworthy, 
moreover, that many of those case reports in 
the infection group did not mention the 
vaccination status of the individual, which 
would have been critically important 
information a�er May 2021. To summarize, 
since 2021, there has been a marked increase 
in myocarditis case reports, mostly focused 
on young males, a demographic known to 
have a relatively low risk of severe 
COVID-19. Most of these cases were 
diagnosed within a few days or weeks 
following the mRNA injection. 

Misconception 1: Coronavirus Infections 
Cause More Myocarditis Than COVID-19 
Vaccinations
Myocarditis in the COVID-19 era has been o�cially associated 
with either SARS-CoV-2 infections or COVID-19 mRNA 
vaccines, or both. Research from the early 1990s demonstrated 
the potential for coronaviruses to induce myocarditis and 
cardiomyopathy, prompting concern among scientists when 
SARS-CoV-2 emerged in 2020 regarding its potential to cause 
this condition [153,154]. Unadjudicated myocarditis cases 
related to the SARS-CoV-2 infections were suspected in 2020, 
prior to the vaccine rollouts [155-157]. Following the mass 
vaccination, many more clinically adjudicated and con�rmed 
cases of mRNA vaccine-attributable myocarditis were reported. 
Nonetheless, in an attempt to reduce vaccine hesitancy, most all 
public health authorities continue to claim that coronavirus 
infections cause more myocarditis than the mRNA vaccines. 

 �e following explanations support our overall premise: 
(1) hospitalized COVID-19 patients with cardiovascular 
conditions and elevated cardiac troponins triggered clusters of 
International Classi�cation of Diseases (ICD) codes, with the 
troponin testing enabling codi�ed data to then be analyzed and 
reported as false positive “COVID-related” myocarditis; (2) 
overreliance on data from hospitalized COVID-19 cases 
without clinical con�rmation of myocardial in�ammation 
(CMR, biopsy); (3) lack of autopsy con�rmation; (4) di�erences 
in how myocarditis incidence is calculated in relation to the 
coronavirus infection versus the mRNA injection, resulting in 
an underestimation of the latter’s impact; and (5) failure to 
consider that the SARS-CoV-2 infection is a “breakthrough” 
infection which is (by de�nition) superimposed on a baseline of 
failed COVID-19 vaccination. Despite these serious limitations, 
Erick Stecker, MD, the American College of Cardiology’s chair 
of the Science and Quality Committee, stated: “�ere is no 
question that the bene�ts of COVID-19 vaccination generally 
outweigh the risks. While we do acknowledge that there is a 
very small risk of myocarditis a�er vaccination, particularly in 
adolescent boys and young men receiving mRNA vaccines, 
these instances are extremely rare, generally mild and treatable, 
and in most cases resolve quickly and without intervention. We 
should be clear that the risk of long COVID, heart damage, and 
death are higher among unvaccinated COVID-19 patients, and 
we therefore encourage everyone, including young men, to 
receive a primary (two-shot) vaccination for COVID-19” [158].

We now consider each of the key limitations concerning the 
ACC’s o�cial position:

ICD codes triggered by cardiac troponins in COVID-19 
patients
We begin with the issue of increased cardiac troponins 
triggering ICD codes in hospitalized COVID-19 patients. In 
2020, the COVID-19 hospitalized population began 
overlapping with the cardiovascular disease population, both 
directly and indirectly. Patients with CAD have long 
represented a large cross-section of the U.S. hospital population. 
�us it is not surprising that, in that �rst year of the pandemic, 
so many PCR-positive hospitalized individuals also had CAD, 

hypertension, and other conditions that predisposed those 
patients to cardiac problems and increased troponins [159]. 
Measurement of cardiac troponins is part of routine medical 
care for persons hospitalized for heart disease and other 
cardiovascular-related conditions. High troponin levels are 
o�en linked to concomitant CAD, myocardial infarction, 
stress-induced cardiomyopathy, pulmonary embolism, 
congestive heart failure, or acute coronary syndromes [160]. 
�ese cardiovascular conditions are all associated with 
increased cardiac troponin levels, which also happens to be an 
independent risk factor for hospitalization in the COVID-19 
setting (OR = 3.65, 95% CI, 2.03-6.57) [161]. Even non-cardiac 
situations like sepsis, chronic kidney disease, renal failure, and 
extreme physical exertion can produce similar �ndings 
[162,163]. In short, although elevated troponins can signify 
myocardial injury, they are not speci�c to myocarditis (or to 
in�ammation in general) and must be considered and 
interpreted within the proper clinical context.

 Attributing the troponin elevations to myocarditis without 
a comprehensive evaluation not only risks overlooking other 
potentially life-threatening diagnoses but, in the research 
setting, leads to a miscategorization of myocarditis cases as 
being caused by SARS-CoV-2. �e problem is further 
complicated by the fact that, during the pandemic, cardiac 
injury was not uncommon during severe COVID-19 illness 
[164-166]. Moreover, troponin elevations were consistent with 
�ndings seen in other severe ICU-level illnesses, such as 
pneumococcal pneumonias, also associated with 
cardiorespiratory distress [167]. Reports in the hospitalization 
literature suggested a trend of elevated cardiac troponin levels 
among patients admitted to ICUs who tested positive for 
SARS-CoV-2 [168]. In these same PCR-positive cases, 
preexisting cardiovascular disease and cancers (frequently 
treated with cardiotoxic chemotherapy drugs) were 
independently associated with a greater risk of developing 
cardiac injury. Among patients who were hospitalized “with 
COVID-19”, arrhythmias and other cardiovascular 
complications were common; moreover, age, arrhythmias, heart 
failure, cancer, autoimmune disease, and overall disease severity 
were all independent predictors of all-cause mortality during 
and a�er “hospitalization for COVID-19 cardiovascular 
complications.” [169].

 An example of this pervasive research problem is the large 
self-controlled case series study by Patone et al., published in 
Circulation. �is study evaluated the association between 
COVID-19 vaccinations and myocarditis for di�erent ages and 
sex groups by tracking hospital admissions and deaths from 
myocarditis by age and gender and in relation to how many 
doses of the gene-based injections each individual received. 
�ough the study also considered the recombinant adenoviral 
vector products manufactured by AstraZeneca (and found 
similar elevations in myocarditis rates post injection), our 
primary interest in this paper are the COVID-19 mRNA 
products. A�er the �rst dose of BNT162b2, the incidence rate 
ratio for men under 40 years old was 1.85 (95% CI, 1.30-2.62), 
rose to 3.08 (95% CI, 2.24–4.24) a�er the second dose, and 2.28 
(95% CI, 0.77–6.80) a�er the third dose. A�er the �rst dose of 
mRNA-1273, the rate ratio was 3.06 (95% CI, 1.33-7.03); this 

increased to 16.83 (95% CI, 9.11-31.1) a�er a second dose, with 
insu�cient data for the third dose. �e authors o�er the 
following conclusion: “�e risk of myocarditis was higher 1 to 
28 days a�er a second dose of mRNA-1273 (11.76 [95% CI, 
7.25–19.08]) and persisted a�er a booster dose (2.64 [95% CI, 
1.25–5.58]) [68]. Associations were stronger in men younger 
than 40 years for all doses and, notably, the mRNA-1273-related 
myocarditis risk surpassed the myocarditis risk associated with 
SARS-CoV-2 infections. [Emphasis added] Speci�cally, in men 
younger than 40 years old, the number of excess myocarditis 
events per million people was higher a�er a second dose of 
mRNA-1273 than a�er a positive SARS-CoV-2 test (97 [95% CI, 
91–99] versus 16 [95% CI, 12–18]).” In short, men under age 40 
were six times more likely to develop myocarditis a�er the 
second mRNA-1273 injection than a�er SARS-CoV2 infection. 
Although these conclusions support our counterargument, they 
do so only weakly, as the overall �ndings are based on serious 
underestimates. To begin with, Patone et al. relied on ICD-10 
codes to identify cases of myocarditis among hospitalized 
patients with COVID-19. �e study de�ned myocarditis events 
based on the earliest date of hospital admission attributed to 
myocarditis or a death certi�cate listing myocarditis-related 
ICD-10 codes during the study period (December 1, 2020, to 
December 15, 2022). According to the Methods section, the 
determination of myocarditis relied on the presence of relevant 
ICD-10 codes, which are typically triggered by elevated cardiac 
troponin levels measured during hospitalization. As we noted 
above, however, elevated cardiac troponin alone is not de�nitive 
for diagnosing myocarditis. In the cohort of patients with 
COVID-19, hospitalization was primarily due to COVID-19 
infection rather than con�rmed myocarditis, and there was no 
adjudication or additional diagnostic testing, such as CMR, to 
substantiate the diagnosis of myocarditis. By contrast, mRNA 
vaccine-related myocarditis cases in the study were identi�ed 
through standard clinical diagnostic protocols, including ECGs, 
troponins, echocardiography, and CMR, ensuring a more 
robust con�rmation of myocarditis in vaccine-associated cases. 
Consequently, while mRNA-associated myocarditis cases 
represent con�rmed diagnoses, COVID-19-related myocarditis 
cases in the study lack comparable diagnostic rigor. (In 
subsequent sections, we describe other major weaknesses of the 
Patone et al. study, all of which contributed to an overestimation 
of the infection-related myocarditis risk in this population.)

 �e problem of ICD codes linked with high troponin levels 
incidental to many COVID-19 hospitalizations was further 
compounded by the U.S. government’s �nancial incentives to 
hospitals in 2020-2021. Under the provisions of the US 
Coronavirus Aid, Relief and Economic Security (CARES) Act, 
U.S. hospitals were eligible for supplementary payments 
averaging $76,975 for each COVID-19 patient who either 
required mechanical ventilation or passed away during their 
stay [170]. �is legislation allowed hospitals to receive a 20% 
increase in reimbursement for Medicare patients classi�ed as 
“COVID cases,” regardless of whether this classi�cation was 
based on a prior reverse transcription polymerase chain 
reaction (RT-PCR) test result or a clinician’s judgment 
(symptoms were deemed su�cient, based on the CDC’s 
COVID-19 case de�nition) [170]. Healthcare workers and 
administrators were therefore heavily incentivized to classify 

patients with pre-existing cardiovascular diseases as COVID-19 
cases. If the RT-PCR test �nding coincided with a high troponin 
reading, the diagnosis became “myocarditis with COVID-19”, 
even though the PCR result was o�en only incidental and the 
patient, asymptomatic. Moreover, many of the positive PCR 
�ndings were false, with a false-positive range of 30-95% 
depending on the cycle threshold used [171,172]. Higher cycle 
thresholds (>35) were routinely used, yet frequently led to more 
false positives [173]. �is phenomenon, together with the 
CARES incentives, engendered a dramatic in�ation of case 
counts along with a distortion of o�cial statistics concerning 
hospital myocarditis cases associated with SARS-CoV-2 
infection [174]. 

Many SARS-CoV-2 infections are not confirmed by 
RT-PCR testing
Data from hospitalized COVID-19 cases tend to greatly 
undercount the true number of infections, thus overestimating 
the relative contribution of infection-related myocarditis in the 
general population. �is relates to the overuse of RT-PCR 
testing as the basis for determining COVID-19 cases, and the 
assumption that those case rates re�ect infection rates in the 
generation population. As a rule, however, there are 
signi�cantly more SARS-CoV-2 infections than positive 
COVID-19 tests, and this is due to the following factors:

• Asymptomatic infections: Many individuals infected with 
SARS-CoV-2 do not develop noticeable symptoms and may 
never seek testing. A substantial proportion of these 
infections are asymptomatic, particularly in younger 
populations [175,176].

• Undocumented infections: Before widespread testing 
infrastructure was established, many cases of SARS-CoV-2 
infection were undocumented. Seroprevalence studies later 
revealed higher levels of past infection than indicated by 
testing data [177,178].

• Test sensitivity and timing: Tests for COVID-19, especially 
early in the pandemic, had variable sensitivity. Infections 
could be missed (false negatives) if the test was taken too 
early or late relative to the infection timeline or if sample 
collection was inadequate [179,180].

• Limited testing accessibility and usage: In the early stages of 
the pandemic, and even later in some regions, access to 
COVID-19 testing was limited, or many could not easily 
access testing facilities. Moreover, people without severe 
symptoms o�en did not seek out testing [181,182].

• Undiagnosed cases: Some symptomatic individuals might 
not recognize their symptoms as COVID-19 or attribute 
them to other illnesses, leading to missed diagnoses [183]. 
Others may avoid testing due to stigma, fear, or 
inconvenience [184].

• COVID-19 testing frequency varied by region, depending 
on public health policies, prevailing attitudes, individual 
compliance and personal preference. Many individuals who 
suspected they had COVID-19 (based on symptoms and 
known exposures) chose not to con�rm their infection 
through testing.

 Given all of these factors, when assessing the rates of 
myocarditis per exposure to SARS-CoV-2, the denominator 
should not be the number of positive tests of study-population 

members during the study period, but rather the number of 
actual infections occurring in the study population during the 
study period, which again would be substantially larger than the 
number of positive tests. CDC analyses estimated that there 
were four coronavirus infections for every positive test in the U.S. 
through September 2021 [185]. Ferguson et al. posit that fewer 
than a third of infected individuals were tested through 
England’s community surveillance system (also known as Pillar 
2, which is routine community-based testing, in contrast with 
Pillar 1, in-hospital testing) [186]. Furthermore, SARS-CoV-2 
infections resulting in diagnosed myocarditis cases are much 
more likely to be associated with a positive test than infections 
in the general population, most of which are mild or 
asymptomatic. Any study of infection-related myocarditis that 
relies on positive RT-PCR tests as an inclusion criterion will 
tend to underestimate the total number of infections, thus 
arti�cially in�ating the infection-related myocarditis rate. 
Realistically, given the o�cial U.S. and U.K. sources cited above, 
the number of infections in a study population might be 3 to 4 
times the number of test-positive “cases.”

 In the aforementioned study by Patone et al., the authors 
wrongly assumed that testing for SARS-CoV-2 infections is an 
accurate and reliable measure of infection, directly comparable 
to mRNA vaccine-related myocarditis rates [68]. When 
considering any dose of P�zer’s mRNA product, for example, 
the authors conclude that “the risk of myocarditis is 
substantially higher a�er SARS-CoV-2 infection in 
unvaccinated individuals than the increase in risk [a�er 
BNT162b2 injections].” �is statement, however, is based on the 
erroneous assumption that all infections in the study 
population are associated with positive COVID-19 test reports. 
Patone et al. analyzed data from 42,842,345 individuals aged 13 
and older in England who received at least one dose of a 
COVID-19 vaccine between December 1, 2020, and December 
15, 2021. �ey reported that 5,934,153 participants had a 
SARS-CoV-2 infection either before or a�er vaccination (see 
Results, p. 743). Data from the UK’s O�ce of National Statistics 
(ONS) indicate that approximately 8.3% of the population had 
been infected by the study’s start and 43.2% by its end [187]. 
�is suggests around 35% (34.9%) of the study population, or 
roughly 14,951,978 people, likely experienced their �rst 
infection during the study period—far exceeding the reported 
5,934,153 [188]. �is discrepancy arises from the study’s 
de�nition of infection, which considered only the �rst 
SARS-CoV-2-positive test recorded during the study period. 

 Assuming the ONS data are accurate, Bourdon and 
Pantazatos establish 4,685,095 as a lower bound on the number 
of infections among Patone et al.’s study-population members 
while unvaccinated. Patone et al., however, report a total of 
2,958,026 positive SARS-CoV-2 tests for study-population 
members while they were unvaccinated [188]. Bourdon and 
Pantazatos examined the risk of myocarditis in men under 40 
following the COVID-19 inoculations or a positive 
SARS-CoV-2 test using incident-rate ratios (IRRs). Applying 
various reasonable assumptions, they estimate that the Patone 
et al. IRR of 4.35 for positive-test-linked incidence would be 
adjusted to 2.75, which is lower than the IRRs for the second 
dose of P�zer's BNT162b2 (3.08) and the �rst dose of 

Moderna's mRNA-1273 (3.06). �is would have substantially 
altered the Circulation paper’s conclusions.

 According to Stowe et al., “[T]he attributable risk estimates 
for COVID-19 used laboratory con�rmed cases as the 
denominator and will be a�ected by the proportion of all 
SARS-CoV-2 infections captured by testing, precluding a direct 
comparison with vaccine-associated attributable risks” [71]. 
�is statement is of great importance, given the widespread use 
of RT-PCR testing as a benchmark for measuring infections. 
Other authors have commented on the di�culty of arguing that 
post-infection myocarditis is more common than post-injection 
myocarditis, and why the laboratory-con�rmed case count, as 
the denominator, captures only a fraction of true infections 
[188]. As explained above, issues such as asymptomatic cases, 
variable testing access, and under-testing, can all result in 
undiagnosed infections. It was common practice in many 
hospitals to forgo testing for SARS CoV-2 infections if patients 
had received the mRNA vaccines in recent months. In addition, 
many of the observational studies’ risk estimates for 
positive-test-associated myocarditis, as represented in Table 1, 
may not directly apply to the Omicron variant of SARS-CoV-2, 
the current public health concern.

Lack of stratification weakens the findings from large 
observational studies
A third component of our counter-argument concerns the lack 
of strati�cation in many observational studies. In a review paper 
focusing on this issue, Knudsen and Prasad note that around 
70% of studies on AEs following mRNA vaccines have not 
strati�ed data by age or other confounding factors [189]. �is 
limits the ability to assess myocarditis risk among the 
highest-risk demographic, which is men under 40, following the 
second mRNA dose. Studies that do not stratify data by age and 
sex dilute risk estimates for this higher-risk group while 
in�ating them for lower-risk groups, such as older women. A 
classic example is the study by the Global Vaccine Data Network 
(GVDN) of 99 million vaccinated individuals across multiple 
countries [37]. �e GVDN investigators found that the 
myocarditis risk was 510% and 186% higher than baseline rates 
following the second doses of the mRNA-1273 and BNT162b2 
products, respectively. Nonetheless, because the GVDN study 
did not stratify by demographic group, the increased risk of 
myocarditis applied across all ages and genders and was 
therefore a lower-bound estimate. Indeed, all of the signals 
identi�ed must be considered lower-bound estimates; the true 
extent of harms is unknown but likely to be many times greater.

 Similarly, some of the large observational studies in Table 1 
did not adequately stratify for age. For example, the study by 
Patone et al. had insu�cient age strati�cation (notably for the 
13-17 year-olds), thus compromising the post-injection 
incidence estimates for high-risk groups [68]. Furthermore, 
most meta-analyses of mRNA vaccine-related myocarditis have 
omitted age strati�cation. For example, the intention-to-treat 
meta-analysis by Cordero et al. included 7 population studies 
and reported a mRNA vaccine-related myocarditis incidence of 
0.0035% (95% CI 0.0034–0.0035%) [190]. �e Wang et al. 
meta-analysis included 5 studies and reported an incidence of 
myocarditis of approximately 0.0011% (95% CI, 0.0005 to 
0.0025%) among mod-mRNA-injected individuals [191]. Both 

studies failed to stratify by age and gender, thereby masking the 
serious harm signal to younger age groups and perpetuating the 
misperception of mRNA vaccine-related myocarditis as a 
“rarity”, regardless of age or sex.

 For their analysis, Knudsen and Prasad organized the 
selected studies according to the number of strati�ers (sex, age, 
dose number and manufacturer). Only 28% (eight of 29) of 
studies utilized all four strati�ers (see Figure 1 of their paper); 
the incidence of myocarditis ranged from 8.1 to 39 cases per 
100,000 persons/doses when four strati�ers were examined 
[189]. �e analysis shows that proper strati�cation of the data 
consistently results in reports of higher myocarditis incidence 
among younger males, with few exceptions. Analyses that use 
unstrati�ed, population-wide myocarditis incidence estimates to 
inform vaccination policies for young men are misleading and 
have likely obscured a critical safety signal for males under 40. 
�is, in turn, has helped to reinforce the common misconception 
that mRNA vaccine-related myocarditis in younger men is still 
relatively rare compared to infection-related myocarditis.

Variable precision in calculations of myocarditis risk 
will depend on the type of exposure
Knudsen and Prasad also highlight di�erences in how 
myocarditis incidence is calculated in relation to coronavirus 
infection versus mRNA injection. Myocarditis incidence 
following COVID-19 vaccination is relatively straightforward 
to estimate, as both the number of cases and the number of 
mRNA doses are well-documented. However, determining 
myocarditis incidence post-SARS-CoV-2 infection is far more 
challenging and less reliable, as the total number of infections 
remains unknown and cannot be accurately calculated, 
regardless of the number of RT-PCR tests conducted [192,193]. 
�us, unlike the vagaries of determining infection-related 
myocarditis risks, vaccine-associated risk estimates use 
well-de�ned denominators—o�en total vaccinated 
individuals—ensuring a more accurate re�ection of exposure. 
�is discrepancy skews direct comparisons, as the infection risk 
denominator represents a subset, not the full infected 
population, whereas the vaccination denominator typically 
captures all exposed individuals. Again, studies typically rely on 
documented infections, which are o�en underreported due to 
undiagnosed cases. As we have seen, the number of positive 
COVID-19 tests o�en underestimates the true number of 
infections, with estimates suggesting the true infection count 
could be on the order of 3–4 times higher than con�rmed cases. 
�us myocarditis incidence may be grossly exaggerated in the 
context of SARS-CoV-2 infection studies.

 Myocarditis linked to SARS-CoV-2 infection is typically 
associated with active viral replication or immune-mediated 
damage occurring during the acute phase of infection (7 to 14 
days from the onset of symptoms). �is may be viewed as a very 
brief window of exposure when compared to that associated 
with the COVID-19 mRNA inoculations: 245 days of 
mRNA-induced spike protein exposure, potentially causing 
chronic in�ammation and immune dysregulation throughout 
this period [194,195]. �is extended exposure window could 
disproportionately amplify susceptibility to mRNA 
vaccine-related myocarditis, highlighting a need for further 
research into the long-term immune-in�ammatory e�ects of 

such prolonged exposure to the lipid nanoparticles and 
mRNA-induced spike protein production.

“COVID-related myocarditis” falsely diagnosed in 
athletes in 2021-2023
Such overdiagnosis occurred in test-positive younger, physically 
active individuals, due in part to the fact that physiologic 
changes from exercise training can mimic laboratory and 
structural abnormalities used to diagnose myocarditis [196]. 
Intensive exercise leads to physiologic cardiac remodeling, with 
endurance training enlarging all four heart chambers and 
resistance training causing mild le� ventricular hypertrophy 
(LVH) without chamber enlargement. Transient elevations in 
cardiac injury markers, such as troponins and BNP, are common 
a�er intense exercise [197]. Limited CMR studies in athletes 
have identi�ed LGE, o�en at ventricular hinge points, and 
higher native T1 values compared to non-athletes [198]. LGE 
consistent with overt myocardial scarring has been observed in 
older athletes [199]. �ese exercise-induced changes can overlap 
with features used to diagnose myocarditis, underscoring the 
need for careful interpretation of imaging and laboratory 
�ndings in athletes. Moreover, CMR interpretation is inherently 
subjective, and there is a risk of overestimating myocardial 
involvement in patients diagnosed with COVID-19. Studies 
evaluating cardiac abnormalities in athletes have predominantly 
identi�ed mild changes, such as elevated T1 and T2 values [196]. 
While these �ndings may indicate myocarditis when consistent 
with the clinical context, similar elevations in T1 and the 
presence of LGE have also been observed in asymptomatic 
athletes without a history of COVID-19 infection [199,200]. 
Because of the temporal ambiguity in COVID-19, it is logical to 
postulate that the misdiagnosis of myocarditis among athletes 
would be more likely to result in a miscategorization of 
“COVID-related myocarditis”, thus reinforcing the false claim 
that these cases are more commonly linked with the coronavirus 
infections than with the mRNA vaccines.

 �e above-mentioned temporal ambiguity, combined with 
undercounting of true infections and overcounting of 
“COVID-related myocarditis” (particularly in younger athletic 
individuals), further undermines the accuracy and reliability of 
the infection-related myocarditis count and complicates direct 
risk comparisons. Ultimately, while mRNA vaccine-related 
myocarditis cases show a clear temporal association with the 
vaccines, infection-related cases are subject to both 
denominator inaccuracy and a prolonged window of potential 
attribution, with elevated rates of incidental COVID-19 
hospitalizations. �ese di�erences underscore the 
methodological challenges in drawing direct comparisons 
between the two, reinforcing the importance of carefully 
contextualizing risk estimates.

The frequent occurrence of subclinical myocarditis results 
in an undercounting of injection-related myocarditis and 
an overcounting of infection-related cases
�e reality of subclinical myocarditis further complicates the 
infection-versus-injection argument. In most cases, myocarditis 
has a mild or subclinical outward presentation, and several 
studies have highlighted the frequent occurrence of this 
phenomenon, particularly among younger adults [122,201]. For 

example, the cohort study by Daniels et al., focused on 1,597 
competitive college athletes with CMR screening a�er 
COVID-19 infection [201]. A total of 37 athletes (2.3%) were 
diagnosed with putative COVID-related myocarditis, 
subclinical cases outnumbering clinical cases by threefold (28 to 
9, respectively). �e prevalence of clinical myocarditis based on 
the initial symptom-based screening strategy was only 0.31% 
(7.4 times lower than CMR). �e subclinical cases involved 
milder in�ammation with transient symptoms that resolved 
without intervention. Detection of subclinical myocarditis and 
understanding its progression requires a combination of 
diagnostic tools (notably cardiac MRI) and careful patient 
monitoring. As mentioned earlier, the detection of troponin 
elevations in “COVID-19 patients” (i.e., anyone testing 
RT-PCR-positive in the hospital setting, or showing symptoms) 
was o�en interpreted by clinicians as indicative of “suspected” 
or “probable” myocarditis, thus bolstering the case numbers 
linked with any positive RT-PCR test result. Unlike the case 
series of vaccine myocarditis, Daniels reported no 
hospitalizations and deaths in the 37 suspected cases.

Flawed study methodologies and misreporting issues 
have distorted the infection-vs-injection argument
A �nal component of our counterargument pertains to the 
�awed study designs, methodologies, and reporting practices, 
all of which may greatly compromise the integrity of the data 
and reliability of the �ndings. For example, as we noted 
previously, most observational studies have used the CDC 
de�nition of “vaccination status”: �e individual is considered 
“unvaccinated” until 14 days a�er dose 2. Conversely, 
individuals are counted as “vaccinated” only 14 days a�er the 
second dose of a two-dose COVID-19 vaccine series. �is 
practice has two fundamental implications: (1) individuals 
testing positive for SARS-CoV-2 before this period, any time 
prior to the 14 days a�er dose 2, are considered “unvaccinated”, 
or not su�ciently protected; and (2) any AE occurring a�er the 
�rst dose or within 14 days of the second dose will be classi�ed 
as occurring among the “unvaccinated” and counted as such. 
Implication #2 represents an obvious misclassi�cation that, in 
turn, results in two major distortions. First, with regard to the 
“vaccinated” individuals in an observational study, this results 
in a consistently lower number of reported myocarditis cases 
following the �rst mRNA dose and 14 days up to the second 
dose, as early post-mRNA injection events will not be accurately 
captured. Second, all myocarditis cases occurring in the �rst 3-4 
weeks of the �rst injection, or in the �rst 2 weeks following the 
second injection, will be classi�ed as “unvaccinated”. �is 
outcome has resulted in the common yet erroneous belief that 
the mRNA vaccines prevent more myocarditis than they cause, 
and therefore mRNA-attributable myocarditis is rare. �is 
problem was intrinsic to the many studies that adhered to the 
CDC de�nition of vaccination status. (For a careful review of 
the various statistical “tricks” employed in these fraudulent 
studies, we refer readers to the book by Fenton and Neil.) [202].

 In epidemiological terms, because of the CDC’s 
“non-vaccinated” 2-week rule, any cardiac events occurring 
within the speci�ed timeframe are misclassi�ed as events 
among the “unvaccinated”, leading to extremely biased 
estimates of risk associated with the mRNA products. �is also 

overestimates myocarditis cases attributed to SARS-CoV-2 
infection because, again, any test-positive individual who 
develops myocarditis prior to 14 days a�er their second mRNA 
dose are classi�ed as “unvaccinated”, with a diagnosis of 
“infection-related myocarditis”. �is misclassi�cation skews the 
data, as early mRNA vaccine-related myocarditis cases are 
excluded from the “vaccinated” cohort and reassigned to the 
“unvaccinated” or infection-related cohort. �is explains how, 
in many large observational studies, myocarditis cases caused 
by the mRNA injection are easily misattributed to SARS-CoV-2 
infection. Whereas the risk of infection-related myocarditis is 
in�ated, the risk associated with mRNA products is profoundly 
underestimated.

 �ere are numerous examples in the pandemic literature of 
how such distortions created a false impression of the impact of 
vaccination status on disease outcomes, hospitalizations, and 
mortality. One such study, by Birtolo et al., compared a range of 
outcomes among vaccinated and unvaccinated hospitalized 
COVID-19 survivors [203]. In this study, “vaccinated” 
individuals had fewer ICU admissions, respiratory 
complications, and persistent lung abnormalities (e.g., 
ground-glass opacities) than unvaccinated patients. Myocarditis 
occurred more frequently in unvaccinated patients (4.8% vs. 
0.9%, p=0.013), as did pulmonary embolism and respiratory 
impairment during follow-up. �e authors concluded that 
COVID-19 vaccination reduced myocarditis and other severe 
complications. However, the authors failed to disclose in their 
methods section that they used the standard CDC de�nition of 
vaccination status, meaning that patients who experienced either 
myocarditis or pulmonary embolism before the 14-day point 
(following dose 2) were counted as “unvaccinated” [101]. As 
explained above, this statistical stratagem inevitably results in a 
diametrical inversion of the true cardiac risks associated with the 
COVID-19 mRNA products.

 A crucial �aw in the Patone et al. study is the exclusion of 
day-zero post-injection myocarditis events from their analysis. 
�e authors justi�ed this omission by citing “small numbers.” 
However, this rationale appears inconsistent, as the number of 
day-zero events associated with infection is certainly not 
negligible (51 events out of a total of 228 across days 0–28) [68]. 
Notably, this �gure closely aligns with Stowe et al.’s reported 
day-zero myocarditis events (54 cases, with 35 linked to 
vaccination; see Table 3 of that report) [71]. �e decision by 
Patone et al. to withhold the speci�c number of day-zero 
myocarditis events following vaccination raises concerns about 
transparency and the integrity of their reporting.

Population studies
To lend further support to our counterargument, we will 
consider the pediatric �ndings of the Open SAFELY study 
(n=58 million) [204]. �at study examined myocarditis risk in 
children by analyzing linked health records to identify cases 
following either COVID-19 infection or the mRNA 
inoculations. �e study assessed incidence rates, timing, and 
associated factors, comparing risks associated with either the 
infections or the vaccines. �e authors reported that 
myocarditis occurred exclusively in children (predominantly 
adolescents) who received the COVID-19 mRNA vaccines, with 
no cases identi�ed among those infected with SARS-CoV-2, 

based on data from approximately 1.7 million participants in 
the pediatric cohort.

 Along similar lines, in addressing limitations of their study, 
Patone et al. state: “[A]lthough we were able to include 
2,230,058 children age 13 to 17 years in this analysis, the 
number of myocarditis events was small (56 events in all 
periods and 16 events in the 1 to 28 days a�er vaccination) in 
this subpopulation and precluded a separate evaluation of risk.” 
[68] To their credit, Patone et al. do report 16 myocarditis 
events post vaccination (within 28 days) for the 13-17 year-old 
adolescents, but they do not report any events a�er positive tests 
(within 28 days). �us, it appears there were no cases of 
myocarditis linked to positive SARS-CoV-2 tests among these 
younger individuals. �e low event count likely prevented a 
granular risk assessment. Nevertheless, the absence of 
infection-related myocarditis cases in this large adolescent cohort 
suggests a negligible baseline risk from natural infection. † 

 �e absence of infection-related myocarditis cases in the 
13-17 year-old cohort in Patone et al. aligns with �ndings from 
the OpenSAFELY study cited above. It also aligns with a large 
multi-country analysis that reported zero myocarditis cases 
associated with SARS-CoV-2 infection in males and females 
aged 12–15 living in Scandinavia [14]. Taken together, these 
three large data sources indicate that, for children aged 12–17, 
the risk of myocarditis following the mRNA vaccines far exceeds 
the risk associated with SARS-CoV-2 infection. �e consistency 
across large, independent datasets indicates that SARS-CoV-2 
infection poses minimal myocarditis risk to healthy adolescents, 
in contrast with patterns observed in older age groups, for whom 
viral myocarditis risk is more pronounced.

 Karlstad et al. performed estimates of excess myocarditis 
events following the COVID-19 mRNA vaccinations in a large 
population study (n=23 million) taking place in Denmark, 
Finland, Norway, and Sweden [14]. �e Nordic countries o�er 
an ideal case study due primarily to their demographic 
comparability and high-quality data reporting systems. In this 
study, a myocarditis event referred to a hospitalization with a 
primary or secondary discharge diagnosis for myocarditis. �e 
risks of myopericarditis were highest within the �rst week, 
particularly for young men aged 16-24 years. For that subgroup, 
there were 5.55 excess events per 100,000 second doses of 
BNT162b2, and 18.39 (excess) events per 100,000 second doses 
of mRNA-1273. For this same age group, the authors also 
calculated a rate of 1.37 excess myocarditis events per 100,000 
positive SARS-CoV-2 tests over a 28-day risk period following 
the positive test result. Given that there are many more 
infections than there are positive COVID-19 test �ndings, these 
numbers are underestimates of the true infection rate, thereby 
increasing the denominator and making the true number of 
infection-related myocarditis cases substantially lower. 
Nonetheless, the Karlstad et al. data show that the rate of mRNA 
vaccine-related myocarditis was markedly higher than the rate 
of infection-related myocarditis based on positive test results. 
For males ages 16-24, there were four times more mRNA 
vaccine-related myocarditis events a�er the second BNT162b2 
dose than infection-related myocarditis events (5.55/1.37= 
4.05). In this same age group, there were more than 13 times 
more mRNA vaccine-related myocarditis events a�er the 

second mRNA-1273 dose than infection-related myocarditis 
events (18.39/1.37=13.42). 

 In a large self-controlled case series analysis of hospital 
admissions for myocarditis or pericarditis in England between 
22 February 2021 and 6 February 2022 (n=50 million), Stowe et 
al. sought to further investigate the increased risk of COVID-19 
mRNA vaccine-related myocarditis and to provide new insights 
into the risks associated with the booster. �e authors state that 
elevated relative incidence (RI) rates of hospital admission were 
only observed in 16- to 39-year-olds 0 to 6 days post-injection, 
mainly in males for myocarditis [71]. However, the data in Table 
2 of their paper contradicts this claim. For subjects over age 40, 
we see there are elevated RI’s (those exceeding 1) with 
statistically signi�cant elevations for 7-13 days a�er the 
BNT162b2 booster, and 0-6 days a�er Dose 1 of mRNA-1273; 
also, for those 16–39, there was a statistically signi�cant 
elevation 7-13 days a�er dose 2 of BNT162b2. Moreover, the 
authors’ claim that elevated RI’s were observed only during days 
0-6 post injection is inconsistent with �ndings by Patone et al. 
based on data drawn from a demographically similar study 
population in England [68]. Table S3 of the Patone et al report 
shows statistically signi�cant elevations days 1-7 and days 22-28 
a�er dose 1 of BNT162b2, and days 1–14 a�er dose 2. For the 
mRNA-1273 vaccines, a�er dose 1, data were more limited: RI’s 
were signi�cantly elevated for days 1-7, though not statistically 
signi�cant for days 8-14. 

 In the Stowe et al. study, the authors also provided hospital 
myocarditis data for 16–39 year-olds, for days 1–27 a�er a 
positive test for SARS-CoV-2. For this age group, Table 4 of 
their paper indicates that there were 113 admissions, 58.9 
attributable myocarditis cases, and 8,398,257 positive 
SARS-CoV-2 test results. �us the attributable risk per million 
can be derived as the quotient 58.9/8.398257 ~= 7.013 (95% CI: 
5.5-8.3) [86]. �is is likely to be an overestimate because routine 
community SARS-CoV-2 testing disproportionately captures 
symptomatic individuals, who are inherently at higher risk for 
severe outcomes like myocarditis, pericarditis, or 
COVID-related pneumonia [187,205]. In other words, we 
might expect a sample of 8,398,257 infections, representative of 
all infections (symptomatic and asymptomatic) occurring 
among those ages 16–39 to yield fewer than about 60 
hospitalized myocarditis cases attributable to infection [86]. 

 �e large self-controlled case-series study by Patone et al. 
focused on approximately 43 million people in England who 
had received at least one dose of the COVID-19 vaccinations 
[68]. According to the authors, nearly 6 million individuals 
“had SARS-CoV-2 infection before or a�er vaccination.” For 
men under age 40, they obtained an estimate of 11 attributable 
myocarditis cases per million second doses of BNT162b2 and 
97 attributable cases per million second doses of mRNA-1273. 
�us the mRNA vaccine-related myocarditis rate is 1-10 times 
higher than the rate of infection-related myocarditis, based on 
the Stowe et al. data for a comparable age group. For the overall 
population, however, Patone et al. claim that “the risk of 
myocarditis is substantially higher a�er SARS-CoV-2 infection 
in unvaccinated individuals [than in BNT162b2-injected 
individuals].” �e statement is misleading because the authors 
do not actually attempt to measure the number of SARS-CoV-2 

infections in members of their study population that occurred 
during the period in which those members were unvaccinated. 
Instead, Patone et al assume “number of positive tests = number 
of infections”, an entirely untenable proposition [188]. 

 One natural comparison suggested by the Stowe et al. data 
can be derived from the �nal four rows of Table 1 in their paper 
[71]. �is enables us to compare the hospitalized myocarditis 
risk associated with the choice to vaccinate during the Stowe et 
al. study period compared with the choice to remain 
unvaccinated. As we show in Table 4, the unvaccinated risk is 
2.03 hospitalizations per 100,000 person-years of risk, 
compared to 6.29 myocarditis cases per 100,000 among the 
BNT162b2 recipients and 14.12 cases per 100,000 among those 
receiving the mRNA-1273 vaccines.

 In reference to the data we display above in Table 4, Stowe 
et al. state that, whereas ECDS consultation rates were higher 
for pericarditis than myocarditis, admission rates for 
myocarditis were generally higher than for pericarditis. In both 
the SUS and ECDS datasets, admission rates per 100,000 person 
years in males were approximately double those in females and 
increased sharply with age between 12 and 19 years, remaining 
fairly constant therea�er. �e hospitalizations contributing to 
these rates do not all occur within a short period following 
either injection or infection.

 In the supplemental tables for their paper, Stowe et al. 
provide SUS incidence rates for myocarditis or pericarditis 
based on various windows of exposure for “unvaccinated” 
persons and those receiving the COVID-19 mRNA vaccines. 
Below are the unadjusted SUS myocarditis rates from Table E 
(see “S2 Appendix”) for individuals ages 16-39 (young adults 
<40). �ese estimates o�er further con�rmation for the 
observations we present in Table 3 showing lower risk among 
the unvaccinated. We chose the exposure period from the day of 
the injection to six days out, as this is the timeframe in which 
most mRNA vaccine-related mycocarditis cases are typically 
identi�ed. �e published case reports we reviewed for this 
paper suggest that myocarditis a�er exposure to SARS-CoV-2, 
symptoms typically manifest within one to two weeks following 
infection, ostensibly aligning with the acute or early post-acute 
phase of the illness. �e data represented in this table, although 
unadjusted, suggest a substantially lower risk for SUS hospital 
admissions for myocarditis/pericarditis among the 
unvaccinated. �e high myocarditis rate associated with dose 
two of the Moderna product (242.65 cases per 100,000 person 
years) is consistent with other studies we have cited. Even with 
adjustments for age, sex, and other variables, it is unreasonable 
to discount the huge disparity regarding myocarditis rates 
between vaccinated and unvaccinated.

 Ideally, in principle, our Table 5 comparisons would be 
adjusted for age and sex in order to minimize the chance of 
misleading interpretations. Myocarditis risk may vary 
signi�cantly across narrower age bands within the group (e.g., 
16–24 vs. 31–39 years), and di�erences in age or sex distributions 
could bias crude comparisons. �e unvaccinated, on average, are 
going to be younger than the vaccinated. Unfortunately, however, 
such adjustments are not soon forthcoming, as Stowe et al. state: 
“�e raw study data are protected and are not freely available due 
to data privacy laws.” (We view this statement as disingenuous, 
given that the use of de-identi�ed data o�ers a straightforward 
and standard legal option.)

 �e adjusted relative risks (aRRs) of Stowe et al.’s Table E 
(S2 Appendix), comparing admissions for myocarditis or 
pericarditis for mRNA recipients and non-recipients 
(“unvaccinated”), suggest for 16–39 year-olds elevated risk 
among the mRNA recipients during all periods 0-6 days, 7-13 
days, and 14+ days a�er doses 1 and 2 of both the P�zer and 
Moderna mRNA vaccines. A�er a P�zer primary series, the 
aRRs indicate elevated risk for periods 0-6, and 14+ days a�er a 
P�zer booster (third injection) as well as for periods 0-6 and 
7-13 days following a Moderna booster [86]. Given the 
impressive size of this study (n=~50 million), these results 
suggest a substantial myocarditis/pericarditis risk for vaccine 
recipients compared to unvaccinated individuals.

 Lastly, in a commentary on the Buergin et al., study, 
Klement and Walach criticize the claim that, without the mass 
vaccination program, the incidence and extent of myocardial 
damage associated with COVID-19 infection would have been 
much higher [206]. A�er obtaining data from Germany and 
Switzerland and calculating the expected frequency of increased 
cardiac troponins following COVID-19 infection in 
hospitalized and non-hospitalized individuals, Klement and 
Walach �nd that the extent of myocardial damage a�er 
administering the COVID-19 mRNA vaccines to a considerable 
proportion of the general population would likely be much 
higher than a�er the SARS-CoV-2 infections. �ey conclude: 
“�e claim that the extent of myocardial injury a�er COVID-19 
infection would be higher than a�er vaccination is not 
supported by empirical evidence and therefore wrong.” �ey 
further encourage the conduct of multi-country systematic 
observational studies to enable a more precise estimation of the 
risk-bene�t ratio of COVID-19 mRNA vaccines. 

Misconception 2. COVID-19 Vaccine-Induced 
Myocarditis is Usually Mild and Transient
It is a clinical reality that many cases of myocarditis go 
unnoticed or undiagnosed because the sole symptoms may 
include mild fatigue, muscle soreness, abnormal heart rhythm, 
or a temporary increase in heart rate. Some cases are 
asymptomatic and only initially identi�able with elevated 
cardiac troponin levels indicating stress and damage to the 
myocardium. Most cases of mRNA vaccine-related myocarditis 
are self-limiting. Some individuals remain asymptomatic or 
experience only mild symptoms. �e majority of 
vaccine-associated myocarditis cases are classi�ed as mild 
based on clinical presentation, with LGE resolving in 
approximately 50% of cases by 90 days [207]. Positron emission 

tomography (PET) imaging data o�en indicate resolution 
within 180 days [208]. 

 Because of the typically mild outward presentation, 
medical publications and media reports during the pandemic 
o�en referred to myocarditis as a “mild condition” that would 
disappear without treatment. �is view implies that “mild 
myocarditis” is synonymous with clinically insigni�cant 
myocarditis; however, this is a fallacy. It is important to 
distinguish among di�erent de�nitions of “mild,” which may 
refer to clinical presentation, echocardiographic �ndings, or 
abnormalities detected on CMR. For instance, a patient may 
exhibit mild clinical symptoms but demonstrate signi�cant 
abnormalities on MRI, or they may have elevated troponin levels 
despite otherwise unremarkable �ndings. �ese distinctions are 
critical for accurate risk assessment and patient management.

 Even with mild symptoms, the underlying physiological 
e�ects and anatomical scarring may be more severe or 
potentially lethal in the long term. Myocarditis may eventually 
develop into congestive heart failure, dilated cardiomyopathy, 
cardiogenic shock (severe reduction in cardiac output leading to 
systemic hypoperfusion and organ failure), and, in some 
instances, sudden cardiac death [209-212]. COVID-19 mRNA 
vaccine-related myocarditis should be considered in the 
pathogenesis of these cardiac conditions, either as a primary 
cause/diagnosis or as a contributing factor to a pre-existing 
myocardial injury [213]. 

 Clinical myocarditis (typically without mild symptoms) is 
recognized as a major cause of sudden and unexpected death in 
infants, adolescents, and young adults, with frequencies ranging 
up to 14% among these younger age groups [214-217]. Most of 
the serious cardiac AEs have been reported within the �rst 14 
days following the mRNA inoculations. However, some sudden 
deaths linked with the vaccines have occurred months to years 
later, as painstakingly documented by one of the authors of this 
paper (WM recorded over 7000 sudden deaths during a 
20-month period, from April 2023 to Nov.2024) [218]. Hulscher 
et al. assessed excess cardiopulmonary arrest mortality in King 
County, WA, in relation to COVID-19 vaccination rates [219]. 
By 2023, 98% of the population had received at least one mRNA 
dose. Cardiopulmonary arrests showed an increasing trend 
from 2015 to 2020, followed by even stronger trends in 2021 and 
2022. Excess cardiopulmonary arrest deaths increased by 
1,236%, from 11 in 2020 to 147 in 2023. A quadratic model 
revealed a strong correlation between higher mRNA injection 
rates and mortality, with myocarditis and thromboembolism as 
potential contributing factors. King County’s 0.94% population 
decline in 2021 coincided with the mortality rise. Extrapolation 
estimated 49,240 U.S. excess deaths (2021–2023). �ese �ndings 
align with prior studies linking the mRNA immunization 
campaigns to increased cardiopulmonary events [220-223]. For 
example, Sun et al. observed a 25% rise in cardiac-related EMS 
calls among 16–39-year-olds in Israel during the �rst 
population-wide vaccine rollout [40].

 If the myocardium becomes scarred (correlating with the 
degree of LGE found on CMR), �brotic tissue can lead to 
arrhythmias and eventually to heart failure and cardiogenic 
shock, potentially fatal events that may occur in under 10% of 
myocarditis cases [224]. Unlike skeletal muscle, cardiac muscle 

displays a limited capacity for regeneration following injury. 
Instead of regenerating functional myocytes, damaged cardiac 
tissue is replaced by �brotic scar tissue, which is permanent 
[225]. �is structural remodeling disrupts the electrical and 
mechanical integrity of the myocardium, increasing the risk of 
arrhythmias and contributing to a higher likelihood of 
premature death over the individual’s lifetime [226].

 Emergent evidence suggests the possibility of myocardial 
�brosis and potential long-term sequelae in symptomatically 
mild or even asymptomatic or subclinical myocarditis. �ese 
“mild clinical cases” can involve severe cardiac �brosis 
(scarring), with permanent damage to the heart muscle and a 
lifelong risk of potentially fatal arrhythmias [227,228]. Over 
time, such damage can progress to congestive heart failure and 
premature death [229]. �e pivotal P�zer and Moderna trials 
were not designed to capture these long-term risks, most of 
which only became apparent a�er 2.5 years of follow-up and the 
administration of over a billion mRNA doses. �ree case series 
(n=38) indicated that >50% of myocarditis patients exhibited 
persistent echocardiogram abnormalities, ongoing symptoms, 
or required medication or activity restrictions a�er three 
months of follow-up observation [29]. A recent FDA study 
reported that approximately 60% of young individuals 
hospitalized with myocarditis following mRNA vaccines 
exhibited persistent signs of myocardial injury about six months 
post-vaccination [230]. Nevertheless, throughout the 
pandemic, public health o�cials and healthcare leaders 
routinely dismissed any possibility of long-term sequelae from 
mRNA-induced myocarditis (Table 6).

 Severe or fulminant myocarditis is more likely to lead to 
long-term complications (see Table 6). Fulminant cases are 
characterized by a rapid decline in cardiac function and carry a 
high mortality rate. Studies have reported mortality rates 
ranging from 20% to as high as 75%, depending on factors such 
as the underlying cause and the timeliness of treatment 
[231,232]. Regarding long-term myocardial damage, the 
prognosis varies. Some studies suggest that patients who survive 
the acute phase of fulminant myocarditis may experience 
signi�cant recovery of cardiac function, with long-term survival 
rates comparable to the general population; however, other 
research indicates that a subset of patients may su�er from 
persistent cardiac dysfunction or develop dilated 
cardiomyopathy, leading to ongoing health challenges [233]. 
�e variability in outcomes underscores the importance of early 
recognition and aggressive management of fulminant 
myocarditis to improve survival rates and reduce the risk of 
long-term cardiac sequelae. Regular follow-up with cardiac 
imaging and functional testing is crucial in detecting and 
managing long-term sequelae of myocarditis.

 Mounting evidence supports the assertion that the 
COVID-19 mRNA vaccines can induce severe and sometimes 
fatal myocarditis [126,204,234,235]. As noted previously, 96% 
of the myocarditis cases initially reported to VAERS prior to 
June 11, 2021 and meeting the CDC’s case de�nition were 
hospitalized [39]. Using a case‐�nding method in VAERS, Krug 
et al., identi�ed 253 cases of myocarditis among boys ages 12-17 
and observed an 87% hospitalization rate following the primary 
series of BNT162b2 [74]. 

 �e most signi�cant elevations in troponin levels were 
observed in adolescents aged 16–17 years, in both male and 
female patients. �e authors note that elevated troponin levels 
are strongly indicative of underlying cardiac disease in pediatric 
populations presenting with symptoms, and that the threshold 
for normal troponin levels in children may be lower than the 
adult standard of 0.1 ng/mL [236].

 Watanabe and Hama reported a signi�cantly elevated 
myocarditis mortality rate ratio (MMRR) in individuals 
vaccinated against COVID-19 when compared to the general 
population during the three years preceding the pandemic, with 
the highest increase observed in young adults (MMRR: 7.80 for 
individuals in their 30s), mostly males [235]. Choi et al. 
reported a case of fatal myocarditis associated with mRNA 
injection in a 22-year-old male military recruit [148]. �is man 
developed symptoms �ve days a�er the �rst dose of the 
BNT162b2 product and died only seven hours later, with 
autopsy showing isolated atrial myocarditis with neutrophil and 
histiocyte predominance. Verma et al. documented the case of a 
42-year-old man who presented with chest pain and dyspnea 
two weeks a�er the second dose of mRNA-1273, dying three 
days a�er symptom onset [237]. Shime et al. presented a case 
report of a 15-year-old boy who had recovered from 
myocarditis associated with COVID-19, but then developed 
near-fatal myocarditis seven months later, upon receiving a 
single dose of BNT162b2 [238]. Given that all three males were 
healthy prior to the injections, each case o�ers a clear temporal 
basis for establishing causality.

 �e common refrain from the vaccine industry is that such 
cases are rare and that the bene�ts outweigh the risks; however, 
substantial epidemiological evidence now contradicts this view. 
Previously we discussed Patone et al.’s large study and its 
�ndings (see Table 1). �e authors identi�ed 617 cases of 
myocarditis occurring 1 to 28 days a�er any dose of the 
COVID-19 gene-based injections, of which 97 resulted in fatal 
outcomes, yielding a case fatality rate of 16.2% [(97/617) × 100] 
[68]. Notably, all fatalities occurred in individuals over the age 
of 40, among whom 381 cases of myocarditis were reported, 
corresponding to a mortality rate of approximately 25.46% 
[(97/381) × 100] within this subgroup. �ese extraordinary case 
fatality rates could also be related to high background rates of 
comorbid cardiovascular disease in the British population, with 
rates roughly comparable to those of the U.S. population. 

 In a population study in Japan, Takada et al. con�rmed 919 
cases of mRNA vaccine-related myocarditis and 321 cases of 
mRNA vaccine-related pericarditis [239]. �e reporting odds 
ratio (ROR) was statistically signi�cant for both conditions: 
myocarditis (ROR: 30.51; 95% CI: 27.82–33.45) and pericarditis 
(ROR: 21.99; 95% CI: 19.03–25.40). Approximately 9.6% (about 
1 out of every 10) individuals who were diagnosed with 
myocarditis or pericarditis following the COVID-19 mRNA 
vaccines died a�erward, a high case fatality rate for a relatively 
healthy population. More modest rates have been reported by 
other authors. Rose et al. estimated a case fatality rate of 2.9% 
based on 3078 VAERS reports of mRNA vaccine-induced 
myocarditis [47].

 Other investigators contend, however, that the risk of 
life-threatening myocarditis is still greater post-infection than 

post-injection. In a population-based cohort study (n=23 
million) utilizing nationwide register data from four Nordic 
countries (Denmark, Finland, Norway, and Sweden), Husby et 
al. analyzed clinical outcomes of myocarditis associated with 
the COVID-19 mRNA products compared with other types of 
myocarditis [240]. �ey identi�ed 7292 individuals aged ≥12 
years who had an incident diagnosis of myocarditis as a main or 
secondary diagnosis. �e main outcome measures were heart 
failure or death from any cause within 90 days of hospital 
admission for new onset myocarditis, as well as hospital 
readmission for new onset myocarditis within 90 days of 
hospital discharge. In individuals aged 12–39 years without 
pre-existing comorbidities, the RR of heart failure or mortality 
was signi�cantly greater for myocarditis linked to COVID-19 
infection compared to mRNA-associated myocarditis (RR 5.78, 
95% CI: 1.84–18.20). 

 Table 2 of Husby et al., indicates there were 22 heart-failure 
cases post mRNA injection, and 12 cases post SARS-CoV2 
infection. However, the total number of patients was 530 for the 
post-injection versus 109 for the post-infection group. �is 
explains the higher incidence rates and RR’s for heart failure and 
death (from any cause) for the post-infection group. Compared 
with conventional myocarditis, the RR of heart failure within 90 
days was 0.56 (95% con�dence interval 0.37 to 0.85) and 1.48 
(95% CI: 0.86 to 2.54) for myocarditis associated with either 
mRNA injections or COVID-19 disease, respectively; the 
relative risk of death was 0.48 (95% CI: 0.21 to 1.09) and 2.35 
(1.06 to 5.19), respectively. As with the Patone et al., study, 
however, there was no adjudication of these hospital 
myocarditis cases, and therefore all of our previous arguments 
apply as to why the estimates are likely distorted. Moreover, the 
authors fail to indicate whether those with COVID-19 had been 
previously vaccinated: serious cardiac AEs seemingly linked 
with the infection plausibly could have been due to an 
interaction between the vaccines and the infections, especially 
given the very long persistence of spike protein following the 
mRNA injections. (We have a paper currently undergoing 
peer-review that explains how the temporality of this 
interaction would make the infections appear to be the cause of 
serious AEs, when it is more likely that the mRNA vaccines are 
“priming” the individual for the serious cardiac events post 
infection.)

 For their conclusion, Husby et al. state: “Compared with 
myocarditis associated with COVID-19 disease and 
conventional myocarditis, myocarditis a�er vaccination with 
SARS-CoV-2 mRNA vaccines was associated with better 
clinical outcomes within 90 days of admission to hospital.” 
However, these “better clinical outcomes” for cases of mRNA 
vaccine-related myocarditis may bear no relationship to any 
intrinsic di�erence in severity of post-injection versus 
post-infection myocarditis. �e age breakdown in Table 1 
reveals that the percentages of cases among individuals >40 
years old are as follows: 35.8% for the post-injection group, 56% 
for the post-infection group, and 50% for the post-conventional 
group. �is substantial di�erence in age distribution between 
the mRNA-injected and SARS-CoV-2-infected myocarditis 
groups (with the latter comprised of approximately 56.4% more 
individuals >40) may partially explain the �ndings from Husby 
et al. Although the authors state that they excluded patients with 

predisposing comorbidities (malignancy, cardiovascular 
disease, or autoimmune diseases), they did not exclude those 
with comorbid obesity, diabetes, and hypertension, conditions 
that may signi�cantly increase the risk of myocarditis and other 
severe COVID-19 outcomes [241]. Individuals over age 40 are 
more likely to experience obesity, diabetes, and hypertension, as 
evidenced by higher prevalence rates in this age group 
compared to younger adults [242,243]. Any patient with a 
positive RT-PCR test result (a COVID-19 “case”) with these 
comorbidities is more likely to experience severe complications 
due to metabolic and in�ammatory dysregulation associated 
with these comorbidities [244,245]. �e predictable result of 
such an imbalanced age distribution between the injected and 
infected myocarditis groups in Husby et al.’s study is increased 
rates of heart failure and deaths among the post-infection 
myocarditis group.

 On a related note, it is di�cult to understand why Husby et 
al., did not exclude younger individuals (aged 12-39) with 
obesity, diabetes, or compromised immunity. �e authors imply 
that the 47 individuals from this younger age bracket who were 
hospitalized for COVID-19 were healthy prior to their 
contracting COVID-19, as they had “no predisposing 
comorbidities”. However, this exclusion did not apply to 
diabetic, obese, or immune-compromised individuals in this 
younger age cohort, all of whom would have been at greater risk 
of severe cardiac events. During the pandemic, younger adults 
without these comorbidities very rarely died from, or were 
hospitalized for, COVID-19 [246,247]. 

 As we documented previously, postmortem �ndings have 
revealed substantial post-injection cardiac damage, including 
sudden cardiac arrest and death, following the COVID-19 
mRNA vaccines [125,126]. Myocarditis is a leading cause of 
sudden death in young people, occurring twice as o�en in males 
as in females and being especially common among athletes 
[209,214,248]. A comprehensive study in Germany concluded 
that premature CAD, SADS, and myocarditis are the three 
leading causes of sports-related sudden cardiac arrest in 
younger athletes, ≤ 35 years of age [249]. Given that these 
high-performing individuals are usually considered to be 
among the healthiest people in the world, it is di�cult to see 
how their greater risk of experiencing the life-threatening 
aspects of myocarditis could justify calling this a “mild” 
condition.

 �e myocardial damage associated with these vaccines 
seems to result in sudden death due to the added stress of 
intensive physical exertion (or exercise intolerance) as a 
byproduct of the elevated catecholamine levels commonly seen 
in male athletes and further exacerbated by the mRNA 
product’s components [147]. Biodistribution studies have 
revealed that the adrenal glands are among the major target sites 
for accumulation of the SARS-CoV-2 spike protein generated 
by either the infection or the injection [250,251]. Further 
ampli�cation of the hypercatecholaminergic state appears to be 
due to the mRNA-generated spike protein’s activity in adrenal 
chroma�n cells, which overexpresses enzymes driving 
noradrenaline production and increased myocarditis risk [147]. 
In the context of this exercise-mRNA interaction, the 
combination of stress responses and androgen sensitivity may 

explain the heightened potential for sudden death in male 
athletes.

 In the heavily mRNA-vaccinated nation of Australia, there 
has been a noteworthy increase in sudden cardiac deaths, 
particularly in terms of the number of deaths from sudden 
arrhythmic death syndrome (SADS), which is commonly 
referred to as “Sudden Adult Death Syndrome”. Myocarditis is a 
well-documented risk factor for SADS due to its potential to 
cause electrical instability and fatal arrhythmias [252]. A recent 
study showed that SADS in Australia has increased to 25 (7.2%) 
in 2018, 26 (7.5%) in 2019, 18 (5.3%) in 2020, 52 (13.2%) in 
2021, and 80 (19.4%) in 2022 (p=0.0001) [253]. �us the largest 
increases occurred in the years in which the COVID-19 mRNA 
products were aggressively introduced to the nation on a 
massive scale. In the most recent Australian study, 98% of the 
206 myocarditis cases analyzed were attributed to the mRNA 
injections (mostly second dose), the remaining 2% of cases 
being linked with the AstraZeneca adenoviral vector vaccines 
[254]. �e majority of patients presented to emergency 
departments with clinical symptoms. Among these, 129 
individuals (62% of all cases) required hospital admission, 
including �ve cases necessitating intensive care and one fatality 
[254].

 �e long-term risks associated with COVID-19 mRNA 
products could potentially contribute to premature mortality. 
Conditions such as strokes and myocarditis linked to the mRNA 
vaccines may result in early death, years a�er the initial onset. 
Research on stroke outcomes indicates a mortality rate of 28% 
within the �rst 28 days, increasing to 41% at one year and 60% 
at �ve years [255]. Furthermore, undiagnosed cardiac and 
clotting disorders may persist silently for extended periods. 
Upon autopsy, nearly two-thirds of sudden unexplained death 
cases show non-diagnostic cardiac �ndings, notably ventricular 
hypertrophy, coronary atheromatosis, and myocardial �brosis 
(scarring) [256]. �ese �ndings may serve as precursors or early 
markers for underlying structural cardiac disorders that had 
remained undiagnosed during the individual’s lifetime. 
�erefore, what is “mild” in the short term could prove to be a 
fatal event in the long term.

 One factor that may have contributed to the misperception 
that COVID-related myocarditis tends to be more severe than 
mRNA vaccine-related myocarditis is the drug known as 
Remdesivir (brand name, Veklury). �is nucleotide analog 
prodrug inhibits the RNA-dependent RNA polymerase of 
SARS-CoV-2, thereby interfering with viral replication [257]. 
Originally proved to be ine�ective for the treatment of Ebola, 
Remdesivir gained EUA status during the pandemic for severe 
COVID-19 disease a�er early studies indicated a reduction in 
recovery time, particularly in patients requiring supplemental 
oxygen (but not mechanical ventilation) [257]. Remdesivir 
became the primary COVID-19 drug approved for use in U.S. 
hospitals, with the U.S. government paying hospitals a 20% 
bonus incentive for utilizing the Remdesivir protocol [258]. 
Eventually, however, a controlled clinical trial showed that 
Remdesivir failed to provide any signi�cant clinical bene�t 
[259]. Part of this failure was due to the drug’s poor safety 
pro�le and its ability to induce persistent mitochondrial and 
structural damage in human cardiomyocytes [260]. Clinically, 

Remdesivir can have signi�cant cardiotoxic e�ects, potentially 
leading to prolonged QT intervals and torsade de pointes, 
which in turn can result in ventricular arrhythmias and sudden 
cardiac arrest [261-263]. �e drug was also linked with sinus 
bradycardia (slow heart rate), which can cause serious 
complications, notably heart failure and cardiac arrest 
[263,264]. Remdesivir’s cardiotoxic impact may be heightened 
in patients with pre-existing cardiovascular conditions.

 In terms of biological plausibility for the more serious 
cardiac sequelae, both the synthetic, modi�ed mRNA and 
mRNA-derived spike protein have been detected in the hearts of 
individuals who died following the COVID-19 mRNA vaccines 
and in cases of mRNA vaccine-related myocarditis, respectively 
[265,266]. In contrast, autopsy �ndings from individuals who 
died following SARS-CoV-2 infection suggest that any 
incidental myocarditis is not associated with direct cardiac 
infection with the coronavirus [234]. Direct cardiotoxicity of 
the BNT162b2 and mRNA-1273 injections on rat 
cardiomyocytes has been observed 48 hours following the 
injection, resulting in speci�c pathophysiological dysfunctions 
associated with cardiomyopathy [267]. No such direct 
cardiotoxicity has been demonstrated with the SARS-CoV-2 or 
Omicron variant infections. �erefore, there appears to be a 
more direct causal pathway between the COVID-19 mRNA 
vaccines and myocarditis when compared to the coronavirus 
infections. �is reinforces the biological plausibility of our 
argument that COVID-19 mRNA vaccines are far more likely to 
cause myocarditis when compared to the SARS-CoV-2 
infections.

 In conclusion, rare viral myocarditis, pericarditis, and 
myocarditis can o�en present with mild clinical symptomology. 
Acute vaccine-induced myocarditis, presents with acute 
symptoms, arrhythmias, and heart failure warranting 
hospitalization. Despite hospitalization, vaccine myocarditis 
has led to death. Even minimal in�ammation or scarring of the 
cardiac musculature—o�en indicated by elevated cardiac 
troponin levels—can predispose young individuals to a lifelong 
increased risk of heart failure and sudden cardiac arrest. Even 
cases classi�ed as mild myocarditis may result in persistent 
cardiovascular complications, including chronic cardiac 
dysfunction and arrhythmias. Given these potential outcomes, 
the COVID-19 mRNA vaccine products warrant a black box 
warning to highlight myocarditis, pericarditis, and myocarditis 
as potentially life-threatening adverse e�ects.

Misconception 3. Risk-Benefit Analyses 
Favor the COVID-19 mRNA “Vaccines” 
Vaccination programs, o�en implemented across large 
populations, require rigorous risk-bene�t assessments to ensure 
a highly favorable balance of outcomes and justify aggressive 
public health policies, notably mandates. A key regulatory 
question for public health authorities is whether the risks of 
COVID-19 vaccination outweigh the bene�ts for speci�c target 
populations, taking into account pandemic uncertainties such 
as �uctuations in disease incidence and emergence of new 
variants. As we have seen, multiple studies identi�ed an 
increased risk of myopericarditis following the COVID-19 
mRNA injections, particularly among young males aged 12–24 

years receiving two doses of the Moderna product, 
mRNA-1273. Risk-bene�t analyses should �rst prioritize 
modeling within narrow age bands, especially in population 
subgroups at higher risk for mRNA-associated myocarditis 
(younger males in particular). Such an approach ensures a 
su�cient number of myocarditis/pericarditis cases within these 
groups to generate reliable rate estimates. Published evidence 
suggests that young males in these subgroups may exhibit a less 
favorable risk-bene�t pro�le compared to females and older 
individuals, emphasizing the need for targeted evaluation in 
regulatory decision-making.

 As a basic starting point for our risk-bene�t discussion, let 
us consider Fraiman et al.’s comprehensive re-analysis of 
registrational trial data. �is re-analysis revealed alarming rates 
of serious AEs, about one for every 800 vaccine recipients (1,250 
serious adverse events per million) for the more extensive P�zer 
trial [103]. �e o�cial serious AE rate for other vaccines is only 
1-2 per million, according to U.S. Department of Health & 
Human Services [268]. �e Fraiman et al. �ndings surpassed 
this benchmark by over 600-fold, indicating a much greater 
degree of mRNA vaccine-related harm than had been observed 
with traditional vaccines. In addition, according to the Fraiman 
et al. report, data from the P�zer trial indicated a greater than 
four-fold higher risk of AEs of special interest following the 
BNT162b2 injections compared to the risk of COVID-19 
hospitalizations (10.1 AEs of special interest vs. 2.3 
hospitalizations per 10,000 participants, respectively). 
Moderna’s trial showed more than a two-fold higher risk (15.1 
AEs of special interest vs. 6.4 hospitalizations per 10,000 
participants, respectively). �ese �ndings raise questions about 
the net bene�t of the mRNA vaccines, particularly for 
populations at low risk of severe COVID-19. While the 
products may help prevent COVID-19 cases in the short term, 
the higher-than-expected AE rates emphasize the need for 
careful consideration of individual risk pro�les and transparent 
communication about potential risks and bene�ts.

 Public health authorities have commonly asserted that the 
risk of cardiac complications is higher among individuals 
infected with SARS-CoV-2 than among those receiving the 
COVID-19 mRNA vaccines. In a previous section 
(“Misconception #1: Coronavirus infections cause more 
myocarditis than COVID-19 vaccinations”), we delineated the 
various erroneous assumptions that underlie this assertion, 
which are based largely on observational studies that su�er 
from �awed methodologies and misreporting issues. In 
contrast, data from rigorously controlled prospective studies 
evaluating myocardial injury indicate that the incidence of 
myocarditis following administration of BNT162b2 or 
mRNA-1273 vaccines in young adults is approximately 2.5% 
(2,500 per 100,000) a�er the second or third dose [118,122]. As 
illustrated in Figure 7, the estimated 2.2% risk of myocarditis 
among adolescents (ages 13-18) following mRNA vaccination is 
substantially higher than the 0.06% myocarditis risk associated 
with SARS-CoV-2 infection in the same age group [269]. �e 
observed disparity in myocarditis risk, with a higher incidence 
following mRNA vaccines compared to SARS-CoV-2 infections 
in adolescents, highlights the need to critically reevaluate the 
ongoing recommendation of COVID-19 mRNA vaccines for 
this demographic.

During the development of the 
COVID-19 mRNA products, drug 
companies received substantial funding 
from U.S. government initiatives. For 
instance, Moderna was awarded up to 
$483 million by the Biomedical 
Advanced Research and Development 
Authority (BARDA) in April 2020 to 
accelerate the development of its 
COVID-19 mRNA candidate [274]. �e 
company then received another $1.53 
billion in August 2020 [275]. �is 
funding was part of the government's 
e�orts to expedite the EUA. By the 
summer of 2020, the U.S. government 
had already pre-purchased hundreds of 
millions of mRNA doses, alongside 
direct �nancial support for the clinical 
trials and the expansion of Moderna’s 
manufacturing capabilities [275]. A�er 

 Bourdon et al. reanalyzed the FDA’s bene�t-risk assessment 
of Modern’s mRNA-1273 product, focusing on males aged 
18–25 years and utilizing data available up to the third week of 
January 2022 [86]. �e authors identi�ed notable �aws and 
limitations in the FDA’s analyses, particularly regarding inputs 
and assumptions for hospitalization bene�ts and mRNA 
vaccine-related myocarditis risks. �e pivotal �aw was the FDA’s 
exclusion of prior-infection protection, despite ample evidence 
suggesting it provides signi�cant immunity. To justify this 
exclusion, FDA cited insu�cient understanding (at the time) of 
prior-infection protection’s degree, impact, and 
time-dependency. However, Bourdon and colleagues noted that 
the protection conferred by mRNA-1273 vaccination against 
the Omicron variant was similarly uncertain during the same 
period. Despite this uncertainty, the FDA assumed the mRNA 
vaccines would provide 72% e�ectiveness against 
hospitalization and 30% e�ectiveness against cases for at least 
�ve months. By contrast, prior-infection protection was 
assigned zero e�ectiveness in all Omicron-based scenarios, 
despite evidence indicating its superiority to vaccine-induced 
protection for both the Delta and Omicron variants.

 Bourdon and colleagues argued that the FDA could have 
reasonably assumed prior-infection protection to be at least 
equivalent to vaccine-induced protection, which would have 
signi�cantly altered the bene�t-risk calculations. Moreover, 
they noted that COVID-19 hospitalization rate for males aged 
18-25 was overestimated by equating it with the rate for males 
aged 18-45. Bourdon et al., criticized the FDA for failing to 
request CDC data on incidental COVID-19 hospitalizations 
(hospital admissions where patients tested positive for 
COVID-19 but were treated for unrelated conditions), 
disaggregated hospitalization data for age subranges (e.g., 
18-25), and age/sex-speci�c mRNA vaccine-related myocarditis 
data from the CDC’s Vaccine Safety Datalink (VSD) system. 
�ese omissions, along with inconsistent use of international 
data, further undermined the rigor of the FDA’s analyses.

 Employing the FDA’s analytic framework, Bourdon et al., 
addressed the various limitations mentioned above and 
enhanced the model by incorporating additional factors: (1) 
immunity conferred by prior COVID-19 infection; (2) more 
granular age strati�cation in COVID-19 hospitalization rates, 
and (3) the impact of incidental hospitalizations. �e analysis also 
incorporated more realistic estimates of rates of Omicron-variant 
infection and of mRNA vaccine-related myopericarditis. Using 
hospitalizations as the primary outcome measure-comparing 
those prevented by vaccination with those caused by mRNA 
vaccine-related myopericarditis/pericarditis-Bourdon et al. 
identi�ed a net harm associated with the vaccines among 
18–25-year-old males, except under scenarios involving 
unrealistically high Omicron infection prevalence.

 When comparing their projections with the FDA’s “most 
likely scenario,” the bene�t-risk ratio projected by Bourdon et 
al. was 0.67, 60 times lower than the FDA’s estimate of 43.33. �e 
authors’ reanalysis suggests that, over the FDA’s assumed 
�ve-month vaccination protection period, the mRNA-1273 
injections resulted in 16% to 63% more hospitalizations 
attributable to myocarditis or pericarditis than hospitalizations 
prevented due to COVID-19. �ese conclusions are based on 

data and assumptions that were available as of January 22, 2022. 
�e FDA’s underestimation of risk may have been due, in part, 
to the agency’s reliance on a small internal dataset of 21 
second-dose mRNA vaccine-related myocarditis events to 
estimate mRNA-1273-associated risk, disregarding �ndings 
from international regulatory agencies, the VSD, and some of 
the earlier large-scale observational studies we listed in Table 1.

 Krug et al. conducted a comprehensive risk-bene�t 
analysis to evaluate the risk of myo/pericarditis following 
COVID-19 mRNA vaccines in adolescent boys (aged 12-17), 
strati�ed by health status and history of SARS-CoV-2 infection 
[74]. Using data from VAERS, they identi�ed cases of 
myo/pericarditis meeting CDC diagnostic criteria. �e authors 
considered various scenarios in their analysis, including sex, 
prior infection, comorbidities, and variant-speci�c risks. For 
adolescent boys without comorbidities, the primary outcomes 
included: (1) the crude incidence of myo/pericarditis 
post-vaccination in adolescents aged 12-15 and 16-17 years, and 
(2) risk-bene�t analyses considering variables such as age, sex, 
comorbidities, SARS-CoV-2 variants (Delta and Omicron), and 
vaccination history.

 Krug et al. identi�ed a total of 253 cases of 
myo/pericarditis, with 129 cases occurring a�er the �rst 
COVID-19 mRNA dose and 124 a�er the second dose, of which 
86.9% required hospitalization. �e incidence of 
myo/pericarditis per million a�er the second dose in male 
adolescents aged 12-15 and 16-17 years was 162.2 and 93.0, 
respectively. Using a 120-day COVID-19 hospitalization rate as 
a comparator to vaccination-related risks, Krug et al. estimated 
that the risk of myo/pericarditis in 12-15-year-old boys without 
comorbidities a�er the second mRNA dose was 2.8 times higher 
than their 120-day risk of COVID-19 hospitalization, while this 
risk was 1.6 times higher for older boys in the same cohort. 
During the Delta variant surge, the risk-bene�t analysis 
indicated that primary mRNA series was favorable primarily for 
non-immune girls with comorbidities. Conversely, for boys 
with prior SARS-CoV-2 infection and no comorbidities, even a 
single modRNA dose posed greater risks than bene�ts, 
according to international estimates. For boys with 
comorbidities, COVID-19 hospitalization rates exceeded the 
risk of myo/pericarditis during periods of moderate to high 
disease incidence, even when accounting for potential 
overestimates of hospitalization rates due to incidental 
admissions [276-279]. During the Omicron wave, the dynamics 
shi�ed: a single dose appeared protective for non-immune 
children, while the second dose did not confer additional 
bene�t at the population level. However, among boys with 
comorbidities, the 120-day hospitalization risk remained 1.7-3 
times higher than the risk of vaccine-associated 
myo/pericarditis, though these risks were roughly equivalent 
when adjusted for incidental admissions [74]. 

To summarize, the �ve key �ndings from the Krug et al., 
risk-bene�t analysis were as follows:

• Overall, the risk of myo/pericarditis following the second 
mRNA dose exceeded the risk of COVID-19 hospitalization 
during the Delta variant wave a�er the �rst dose.

• During Omicron, the additional bene�t of a second dose 
was minimal due to reduced vaccine e�ectiveness against 

hospitalization.
• �e analysis provides grounds for discouraging COVID-19 

vaccination in boys aged 12–17 with a history of prior 
infection.

• For girls, with or without comorbidities, two doses were not 
bene�cial if there was a history of SARS-CoV-2 infection.

• In some estimates, even a single dose was not advantageous 
for girls in this age group without comorbidities a�er prior 
infection.

 �e study also highlighted that incidental hospitalization 
rates likely increased during Omicron, even among 
unvaccinated adolescents, due to the variant’s lower intrinsic 
virulence. As depicted in Figure 5 of the Krug et al. study, surges 
in disease incidence can elevate hospitalization rates despite 
reduced severity.

 Evidence suggests that previous SARS-CoV-2 infection 
a�ords natural-immune protection against hospitalization in 
children. Data from Qatar, Israel, the United Kingdom, and the 
United States indicate that prior infection provides at least 
equivalent protection against severe COVID-19 compared to 
the COVID-19 mRNA vaccines [280-283]. However, the extent 
and durability of this protection remain unclear. Before the 
Omicron wave, seroprevalence in some U.S. regions exceeded 
80% with CDC estimates indicating at least 40% among 
children aged 12-17 [74]. �is �gure likely increased 
substantially during the winter of 2021-2022.

 If an immunocompetent child or young adult has 
successfully eliminated or inactivated SARS-CoV-2, whether 
through mucosal immunity or systemic immune responses, it is 
less likely that the virus itself could directly contribute to 
subsequent AEs like myocarditis. �e vast majority of infections 
in young healthy people would likely result in benign outcomes. 
�is assertion is further reinforced by the minuscule, near-zero 
IFR in children and young adults (0.0003% at 0-19 years, 
0.002% at 20-29 years) [284]. In Sweden, 1.8 million children 
were allowed to freely attend school in 2020, and yet there were 
zero “COVID-19 deaths” in this pediatric population by 
summer of 2021 [285]. Intriguingly, in countries that showed 
excess mortality in 2020, mortality rates among children and 
young adults were extremely low [286]. For individuals under 
age 40, SARS-CoV-2 infection severity and fatality rates 
beginning in 2020 were comparable to those of in�uenza [287].

 �e biological basis for infection-induced immune 
protection against COVID-19 is well established. Following 
recovery from COVID-19, the immune system retains 
long-lived memory cells, suggesting a durable capacity to 
respond to subsequent infections, potentially lasting for several 
years [288]. Evidence indicates that repeated exposure to 
SARS-CoV-2, particularly through natural infection with the 
Omicron variant, enhances antibody a�nity maturation and 
T-cell memory, thereby contributing to improved mitigation of 
future infections [289,290]. A recent cohort study demonstrated 
that children with prior SARS-CoV-2 infection exhibited 
sustained protection against reinfection for at least 18 months 
[291]. Speci�cally, children aged 5-11 years maintained stable 
levels of protection throughout the study period, whereas 
adolescents aged 12-18 years experienced a modest but 
measurable decline over time. �ese �ndings suggest that 

natural immunity, particularly in younger populations, 
provides robust and durable protection, potentially with a more 
favorable safety pro�le compared to modRNA-based products. 
In terms of COVID-19 risk, as noted earlier, younger men and 
women in 2021-2022 had an extremely low IFR, ranging from 
0.0003% at <19 years, to 0.035% at 40-49 years [284]. �is IFR 
approaches absolute zero with the more recent Omicron 
variants. In contrast, there is substantial evidence highlighting a 
concerning prevalence and incidence of cardiac injury in 
younger populations following the injections-injuries that 
could translate into premature death in both the short and long 
terms [15,16,292-294].

 With the implementation of “vaccine mandates” in the U.S. 
university setting, the exposure of millions of young adults to 
the experimental COVID-19 mRNA vaccines resulted in a 
unique research opportunity from a risk-bene�t perspective. 
Bardosh et al., estimated that the implementation of bivalent 
booster mandates in universities may result in a net harm for 
younger adults, projecting at least 18.5 serious adverse events 
for every COVID-19 hospitalization averted [295]. �is 
projection includes an estimated 1.5 to 4.6 cases of 
booster-associated myocarditis in males, o�en necessitating 
hospitalization. In this section, we have therefore presented 
several risk-bene�t analyses of the COVID-19 mRNA products 
based on data from real-world populations indicating the 
potential risks outweigh the bene�ts for younger populations.
Although the majority of published risk-bene�t analyses to date 
present a favorable assessment for the COVID-19 mRNA 
products, we found most of these analyses to be inadequate.  

 Perhaps the most important example is the “bene�t-risk 
assessment framework” created by Wallace and colleagues, 
which was used to inform the Advisory Committee for 
Immunization Practices (ACIP) COVID-19 vaccine policy 
decisions [296]. �e authors used the framework to inform 
seven di�erent ACIP policy decisions, asserting that the 
framework “allowed for rapid and direct comparison of the 
bene�ts and potential harms of vaccination, which may be 
helpful in informing other vaccine policy decisions.” For their 
analysis, Wallace et al., estimated mRNA vaccine-related 
myocarditis risk using VAERS data. Cases of myocarditis with 
symptom onset within seven days post-vaccination were 
identi�ed and cross-referenced with mRNA dose data from the 
CDC repository. Reports of myocarditis among individuals 
under 30 years of age were reviewed and validated by the CDC 
to con�rm adherence to a standardized case de�nition. �e risk 
was quanti�ed as the number of cases per million doses 
administered, strati�ed by age, sex, and dose number. As 
expected, Wallace et al., observed the highest incidence of 
myocarditis following the second mRNA dose, particularly 
among young males aged 12-29 years. Nevertheless, in the 
“bene�ts” side, the authors also made some highly optimistic 
projections: For every 1 million second doses of mRNA 
administered to males aged 12-29 years, the vaccines were 
projected to prevent 11,000 COVID-19 cases, 560 
hospitalizations, 138 intensive care unit admissions, and six 
deaths, compared with an expected 39-47 cases of myocarditis.

 Based on the Wallace et al., report, the ACIP concluded on 
June 23, 2021 that the bene�ts of COVID-19 mRNA vaccination 

outweighed the risk of myocarditis across all demographic 
groups analyzed. However, the risk-bene�t balance varied by 
age and sex, re�ecting the predominance of myocarditis cases in 
males under 30 years and the increasing risk of severe outcomes 
from COVID-19 with advancing age. More importantly, due to 
smaller sample sizes and limited case counts, the VSD was 
unable to analyze narrower age groups as in the VAERS data. 
Instead, broader age group rates in the VSD were compared 
with VAERS �ndings to evaluate concordance between the two 
surveillance systems. As we noted previously, the use of VAERS, 
a passive surveillance system, may greatly underreport 
myocarditis cases (by a factor of 56; see our previous calculation 
of VAERS underreporting, in the section, “Warning Signs from 
Diverse Epidemiological Sources”), potentially missing milder, 
subclinical or undiagnosed cases. �e less granular analysis 
necessitated by broader age groupings in the VSD likely masked 
age-speci�c variations in risk, particularly in younger males, 
where the myocarditis incidence was highest. Together, these 
factors probably resulted in Wallace et al.’s substantial 
underestimation of the true myocarditis risk following mRNA 
COVID-19 vaccines.

 Lastly, as alluded to before, many of the published 
risk-bene�t studies are fraught with con�icts of interest. For 
example, the risk-bene�t analysis by Shiri et al., was funded by 
Moderna, and two of the authors were Moderna employees 
[297]. Many of the observational studies cited in this review 
have su�ered from con�icts of interest as well, including Stowe 
et al., which states: “�e authors have declared that no 
competing interests exist.” However, three of the four authors 
work for the United Kingdom (UK) Health Security Agency. 
Similarly, the study by Patone et al. was funded by the UK 
government, which may have in�uenced the authors’ choice not 
to provide post-vaccination myocarditis incidence rates for 
males at highest risk, e.g., those 16-24 years old. Instead, despite 
the large size of the authors’ study population (≥ 42.8 million), 
males under 40 constitute Patone et al.’s group at highest risk of 
mRNA vaccine-related myocarditis. A more striking example is 
the PCORNet analysis of data from over 15 million patients 
across 40 healthcare systems, concluding that young males face 
a 1.8 to 5.6 times greater risk of adverse cardiac events, 
including myopericarditis, following COVID-19 infection 
compared to the risk a�er a second mRNA dose [298]. �e 
study was published in the Morbidity and Mortality Weekly 
Report, a CDC publication that does not adhere to the external 
peer-review process used by academic journals. Several of the 
authors have strong ties to multiple drug companies, including 
P�zer and Janssen. Moreover, 10 of the authors have 
professional relationships with the CDC’s COVID-19 
Emergency Response Team. �is entity drives the mass 
vaccination program by strategizing distribution and 
promoting access and public trust in the COVID-19 mRNA 
products. With such extensive con�icts of interest and lack of 
peer review, it is di�cult to consider the authors’ risk-bene�t 
claim to be valid. (We omitted most papers with strong con�icts 
of interest in making our selections for this review).

 A qualitative assessment of the risk-bene�t pro�le of the 
Moderna product, mRNA-1273, highlights contrasting 
outcomes and concerns. Large observational and passive 
surveillance studies have reported a higher incidence of clinical 

myocarditis-associated hospitalizations with mRNA-1273 
compared to BNT162b2 [68,123,299,300]. However, data from 
observational studies indicates that mRNA-1273 induces 
stronger immunogenicity and may a�ord greater protection 
against COVID-19 relative to BNT162b2 [286,301]. Is the 
added protection truly necessary for relatively healthy, younger 
segments of the population? �e answer is most likely no, 
particularly since the increased immunogenicity of the 
mRNA-1273 is itself associated with more adverse impacts. 
More speci�cally, the enhanced humoral response induced by 
mRNA injections (both mRNA-1273 and BNT162b2), 
characterized by elevated antibody titers, has been associated 
with an increased risk of immunopathology, heightened 
reactogenicity, and a range of AEs [302-310]. For younger age 
groups, the additional protection against COVID-19 
theoretically a�orded by mRNA-1273 may not translate into a 
real bene�t, given their lower baseline risk of severe disease and 
hospitalization. In this demographic, the elevated risk of 
mRNA-attributable myocarditis becomes a far more signi�cant 
concern, outweighing the theoretical increment in protection.

 �ere is yet another qualitative reason why the risk-bene�t 
calculus is highly unfavorable for the COVID-19 mRNA vaccines 
in the younger segment of the population. �is relates to the fact 
that myocarditis incidence shows a very di�erent pattern in 
patients with COVID-19, exponentially increasing with age 
[311]. �e logical basis for this age-related relationship is that 
older adults are more likely to experience severe systemic 
in�ammation, immune dysfunction (along with higher viral 
loads), and pre-existing comorbidities, notably diabetes and 
hypertension [242,312]. All of these factors predispose these 
older individuals to both COVID-19 and cardiovascular 
complications, including myocarditis [241]. Conversely, younger 
individuals are less likely to experience myocarditis from 
COVID-19 itself except in the rare situation of severe COVID-19 
[311]. At the same time, as we documented earlier, mRNA 
vaccine-related myocarditis incidence is markedly higher in these 
younger age groups. Given the low risk of severe COVID-19 and 
COVID-related myocarditis in younger individuals, the 
markedly higher incidence of mRNA vaccine-related myocarditis 
strongly undermines the justi�cation for continuing these 
vaccinations in this age group. For the younger segment of the 
population in particular, this risk-bene�t perspective supports a 
�rm non-use policy along with reasonable risk-reducing 
alternatives such as vitamin D supplementation and lifestyle 
habits conducive to stronger immunocompetence.

 Note: �e e�ects of age and gender on the occurrence of 
clinically suspected myocarditis showed a di�erent demographic 
pattern prior to the COVID-19 era. Male patients were notably 
younger than female patients, with an average age of 34.1±15.1 
years compared to 49.0±18.7 years (p<0.0001) [313]. Among 
males, the highest incidence occurred between 16 and 20 years 
of age, followed by a steady decline with increasing age (r=−0.95, 
p<0.0001). In contrast, myocarditis in females was more evenly 
distributed across all age groups, with the peak incidence 
observed between 56 and 60 years. �is distribution among 
males and females may have led to the assumption that 
myocarditis always tends to occur more primarily among 
younger males. �e pattern shi�ed markedly in the context of 
COVID-19, perhaps in part due to di�ering diagnostic criteria 

pre- and post-2020. As discussed under Misconception #1, there 
is ample reason to suggest that viral myocarditis has been 
overdiagnosed and o�en misclassi�ed since 2020.

 To summarize, two important risk-bene�t analyses indicate 
an unfavorable risk-bene�t calculus for the COVID-19 mRNA 
products. Bourdon and colleagues demonstrated that extending 
the FDA’s risk-bene�t model to include prior-infection 
protection, incidental hospitalizations, and evidence-based 
assumptions reversed the conclusion that the mRNA-1273 
injections provided overwhelming bene�t to males aged 18-25 
years [86]. Instead, the Bourdon et al. reanalysis revealed that 
vaccination posed an excessive risk of hospitalizations for mRNA 
vaccine-related myocarditis in this demographic. �e failure of 
the FDA’s analysis to account for these critical factors 
contributed to guidelines that disproportionately placed certain 
subgroups at increased risk of serious adverse cardiac outcomes. 
While the absolute di�erences in risk were small, the 
implications for public health policy and institutional 
accountability are substantial. Similarly, Krug et al. estimated 
that the risk of myo/pericarditis following the second mRNA 
dose exceeded the risk of COVID-19 hospitalization during the 
Delta variant wave a�er the �rst dose. �e myo/pericarditis risk 
in 12–15-year-old boys without comorbidities a�er the second 
mRNA dose was nearly 3 times higher than their 120-day risk of 
COVID-19 hospitalization; this risk was nearly twice as high for 
older boys in the same cohort. �e precautionary principle 
dictates that when any medical product is distributed on a 
population-wide basis and demonstrates an unfavorable 
risk-bene�t balance, it should be seriously reconsidered and/or 
removed from the market to prevent further harm. �is 
approach prioritizes safety, acknowledging that the burden of 
proof lies in demonstrating its safety and e�cacy rather than 
waiting for additional harms to manifest.

Discussion

the myocarditis induced by modi�ed mRNA vaccines is marked by 
the in�ltration of in�ammatory immune cells, cardiomyocyte 
damage, and the presence of �brotic tissue. �e lipid nanoparticle 
(LNP)-encapsulated modi�ed mRNA is delivered into cells, leading 
to the production of prefusion-stabilized spike protein, which may 
contribute to immune-mediated myocardial injury. In terms of the 
high-risk groups (top-right panel), young males (ages 12–24) are at 
greatest risk of developing myocarditis post-vaccination, with rates 
up to seven times higher than their female counterparts. 
Contributing to this elevated risk are in�ammatory and hormonal 
factors, vaccine type-and dose-related e�ects, and genetic/immune 
predisposition. Next, in terms of clinical outcomes (bottom-le� 
panel), we synopsize key statistics on post-vaccine myocarditis. 
Finally, we list and debunk the key misconceptions (bottom-right 
panel) regarding myocarditis and COVID-19 mRNA vaccinations.

Epidemiological observations
�e founding clinical trials and postmarketing surveillance 
studies provided the �rst compelling evidence of a signal for 
serious cardiac events. Prospective cardiac studies subsequently 
identi�ed subtle myocardial changes post-injection, even 
without overt symptoms. Autopsy �ndings provide direct 
pathological evidence of fatal mRNA- and Spike protein-related 
heart in�ammation in�ammation. Military health system data 
reveal statistically signi�cant increases in myocarditis cases 
following the vaccines. Life insurance company analyses show 
excess mortality trends correlating with the mass vaccination 
campaigns. VAERS data, despite passive reporting limitations, 
consistently report elevated myopericarditis cases, particularly 
in young males a�er successive doses. Case reports and athletic 
monitoring o�er real-world examples of severe cardiac events 
following the COVID-19 mRNA vaccines.

 Most of the post-marketing studies of the COVID-19 mRNA 
vaccines in younger individuals (notably adolescents) did not 
conduct multivariable adjusted analyses to evaluate the speci�c 
myocarditis risks associated with these products. Studies that do not 
stratify by age and gender are unable to adequately assess risk in 
adolescent males, the segment of the population known to be at 
greatest risk. Ideally, more prospective studies such as the 
Mansanguan et al. study would be conducted, with long-term 
follow-up observations. Such studies, utilizing a combination of 
cardiac imaging and biomarkers, provide a reliable method of 
detecting subclinical myocarditis. Large-scale surveys passive 
surveillance are wholly inadequate. Any large scale study that 
examines the e�ect of COVID-19 mRNA vaccines on myocarditis 
must take into account age, gender, number of doses (second dose 
being most important), and speci�c “vaccine” type, with the Moderna 
product, mRNA-1273, having the strongest adverse impact.

 For hospitalized acute COVID-19, it is possible that 
Remdesivir contributed to myocarditis. Remdesivir-induced 
mitochondrial and structural damage observed in human 
cardiomyocytes could theoretically result in myocardial 
in�ammation, �brosis, and dysfunction [260]. Given its 
controversial safety pro�le and widespread use during the 
pandemic, it is reasonable to speculate that overuse of 
Remdesivir within the heavily incentivized U.S. hospital system 
may have been responsible in part for elevations is cardiac 
troponin and serious cardiac events in the context of 
COVID-19, thus reinforcing the misconception that the 
coronavirus infection was causing more cases.

 �e claim that SARS-CoV-2 infection causes more 
myocarditis than the COVID-19 mRNA vaccines lacks robust 
evidence and is largely based on biased and �awed research 
methodologies. As discussed earlier, reliance on ICD-10 coding 
and troponin levels in hospitalized patients has led to 
widespread misclassi�cation of infection-related myocarditis. 
Autopsy studies of fatal COVID-19 cases have failed to detect 
direct viral damage to the heart, further challenging the 
accuracy of these diagnoses. Amid the pandemic, the 
Myocarditis Research Foundation, in collaboration with the 
Helix Research Network, launched a study ostensibly exploring 
myocarditis a�er infection or mRNA vaccines [314]. However, 
its methodology is deeply �awed, relying on ICD-10 codes, 
unequal post-exposure recruitment windows (14 days a�er 
injection versus 8 weeks a�er infection), and a lack of clinical 
con�rmation or independent adjudication. �is, combined with 
a focus on genetic predisposition without measuring mRNA or 
spike protein levels, perpetuates a narrative of vaccine safety 
while diverting attention from vaccine-associated increases in 
myocarditis, heart failure, and cardiac arrest. �ese 
methodological issues, coupled with in�ated “infection-related 
myocarditis” numbers during COVID-19, underscore the need 
for rigorous clinical con�rmation in assessing myocarditis 
prevalence and incidence.

 �ese and many other major methodological �aws have led 
to incorrect assumptions that SARS-CoV-2 infection, rather 
than recent COVID-19 mRNA injection, was the primary 
cause. Additional issues, including lack of strati�cation, 
over-reliance on PCR testing, and failure to detect subclinical 
myocarditis in large studies, have further reinforced the 

erroneous view that coronavirus infection outweighs mRNA 
vaccination as a determinant of myocarditis. Ideally prospective 
cohort studies should have implemented precise patient 
classi�cation methods, ensured equal and extended observation 
periods, and incorporated comprehensive clinical adjudication 
using physical examination, electrocardiography (ECG), blood 
biomarkers, and cardiac imaging. Reliance solely on automated, 
simulated data sources for comparative analyses is inadvisable, 
as this approach is prone to investigator bias and may produce 
misleading conclusions.

 Despite these facts, published reviews, editorials and 
commentaries on myocarditis during the COVID-19 era 
continue to assert that the condition is more strongly associated 
with SARS-CoV-2 infection than with the COVID-19 mRNA 
vaccines. �is assertion has been used to justify ongoing mRNA 
vaccines despite myocarditis being recognized as a safety signal 
by many authorities. �is claim has received the bulk of its 
reinforcement from the passive surveillance data primarily 
managed by the CDC. �e propagation of this narrative helped 
crystallize the public health assertion that SARS-CoV-2 
infection was responsible for more cases of myocarditis than the 
COVID-19 mRNA vaccinations.

 COVID-19 mRNA-associated risk estimates for 
myocarditis use well-de�ned denominators, o�en the total 
numbers of injected individuals, ensuring an accurate measure 
of exposure. In contrast, the infection risk denominator 
typically represents a subset, not the full infected population. 
Additionally, surveillance biases di�er: infections are o�en 
identi�ed reactively (e.g., symptomatic individuals seeking 
testing), while mRNA vaccine-related AEs are systematically 
monitored post-injection. �ese divergent methodologies make 
direct comparisons inherently �awed. Stowe et al.’s assertion 
that “the attributable risk estimates for COVID-19 used 
laboratory con�rmed cases as the denominator and will be 
a�ected by the proportion of all SARS-CoV-2 infections 
captured by testing, precluding a direct comparison with 
vaccine-associated attributable risks,” underscores the 
importance of contextualizing attributable risk estimates within 
their methodological frameworks [71]. 

 Individuals with mildly symptomatic COVID-19 are less 
likely to seek testing, especially outside structured surveillance 
studies. �is bias in�ates the observed incidence rate of 
myocarditis per detected infection because the denominator 
(total infections) underrepresents the true infection burden, 
while the numerator (hospitalized myocarditis cases) remains 
accurate. Seroprevalence studies have consistently shown far 
higher infection rates than routine testing data suggest, and the 
true infection-to-case ratio could be at least two- to four-fold 
higher [86,315,316]. �e observed incidence re�ects a subset of 
infections skewed toward higher severity, making it an 
overestimate when extrapolated to all SARS-CoV-2 infections in 
the community. (Moreover, based on the previously mentioned 
ONS data, it is reasonable to assume that well over 50% of Stowe 
et al.’s study population, which is similar to that of the Patone al. 
study described below, became infected during the study period. 
Based on positive-test numbers reported at the bottom of Table 4 
of Stowe paper, this would suggest the number of infections is at 
least twice the number of positive tests. ) Accurate comparisons 

would require infection risk estimates based on seroprevalence 
data, re�ecting the total infected population, rather than 
laboratory-con�rmed cases alone [71].

Biological Plausibility of COVID-19 Vaccine-Related 
Cardiac Events
Initially, the administration of COVID-19 mRNA products was 
based on the assertion that the synthetic mRNA, encapsulated 
within the lipid nanoparticle (LNP) vehicle, would remain 
localized at the site of injection in the deltoid muscle. However, 
subsequent biodistribution studies contradicted this claim, 
revealing widespread distribution of the mRNA throughout the 
body, followed by systemic production of the spike protein 
[317]. Once spike protein enters the bloodstream, it circulates 
systemically and can persist for 6-8 months (187-245 days) 
post-injection [318,319]. �is persistence was enabled during 
the development of the P�zer and Moderna mRNA products by 
the replacement of uridine nitrogen bases with 
N1-methylpseudouridine, a less immunogenic but more stable 
nitrogen base [320]. 

 While the extended half-life of this pseudouridinated 
mRNA in the body was originally seen as a bene�t, given that 
the technology was intended to deliver immunogenic proteins, 
it has become clear that the injected mRNA may also convert 
transfected cells into “viral protein factories” without an 
inherent mechanism to halt or regulate this ongoing 
production. As a result, spike protein can be continually 
produced, circulating in the body for extended periods, 
contributing to chronic, systemic in�ammation, immune 
dysregulation, and diverse immune-related pathologies 
[94,321-326]. Spike protein has been associated with chronic 
in�ammation and damage in organs such as the heart, liver, 
spleen, ovaries, and nervous system [266,321,327-330]. Several 
single nucleotide polymorphisms have been identi�ed that may 
predispose individuals to adverse events following the 
COVID-19 mRNA vaccines, and these same genetic variants 
have been associated with autoimmune diseases and several 
cancer types as well [66].

 �e release of in�ammatory cytokines, such as 
interleukin-6 and interleukin-1β, has been associated with the 
COVID-19 mRNA vaccine-related AEs, including the 
emergence of new-onset autoimmune-in�ammatory diseases 
[331-333]. �e autoimmune e�ects of the mRNA-generated 
spike protein may be due to molecular mimicry with human 
proteins [321,326]. �ese observations may explain the 
emergence of long-term serious AEs linked to the mRNA 
vaccines, some of which have only recently been recognized and 
characterized [334]. 

 One signi�cant concern regarding the extended systemic 
presence of the mRNA is the use of N1-methylpseudouridine to 
help stabilize the mRNA sequences. �is modi�cation has been 
shown to enhance error rates during reverse transcription, 
potentially leading to harmful genetic alterations [335]. Even 
minor transcriptional errors may have serious biological 
consequences, and when these e�ects are ampli�ed across a 
large population, the results could be disastrous. Additionally, 
the manufacturing process has been shown to introduce billions 
of bacterial DNA fragments into each dose of COVID-19 

mRNA vaccine [98,99]. Recent data reveal that the P�zer 
mRNA product, Comirnaty, contains DNA impurities that 
surpass the permitted threshold by several hundred times, and 
in some instances, by over 500-fold [336]. �e DNA impurities 
are integrated into the lipid nanoparticles and directly 
transported along with the mRNA into the cells of the vaccine 
recipient. �e most serious concern that arises from such 
impurities, is the possibility that this could lead to integration of 
the bacterial DNA into the human genome via insertional 
mutagenesis. Such genetic disruptions could theoretically 
trigger immune dysregulation and autoimmune responses, 
potentially prompting the production of circulating 
heart-reactive autoantibodies to target the cardiomyocytes, 
resulting in cardiac muscle in�ammation and damage [5,322].

 Several mechanisms have been proposed to explain the 
association between COVID-19 mRNA vaccines and 
myocarditis. Some hypotheses include an aberrant immune or 
hyperimmune response to the spike protein produced by the 
mRNA, molecular mimicry, or direct in�ammatory stimulation 
by the vaccine components [194,321,322]. �e hyperimmune or 
in�ammatory response hypothesis raises the question of 
whether the condition arises from a systemic in�ammatory 
process or is con�ned to the myocardium. While systemic 
in�ammation o�en results in multi-organ injury, myocarditis 
associated with mRNA vaccines is more likely an isolated 
cardiac phenomenon [26]. �is is supported by the 
predominant presentation of chest pain, along with measurable 
changes in cardiac biomarkers and imaging �ndings. Among 
the proposed mechanisms, autoimmunity-potentially triggered 
by molecular mimicry or other pathways-has been widely 
discussed. However, the typical onset of symptoms within one 
to �ve days following the second vaccine dose is considered too 
rapid to be explained solely by autoimmune mechanisms. An 
allergic or hyperergic (hyperimmune) mechanism may underlie 
the occurrence of acute myocardial infarction shortly a�er 
mRNA administration. �e phenomenon, referred to as Kounis 
syndrome, has been documented in the context of acute 
coronary syndrome triggered by allergic reactions to foods, 
medications, or environmental agents [337]. A case of Kounis 
syndrome and “hypersensitivity myocarditis” following 
COVID-19 mRNA vaccines has also been reported in the 
literature [338].

 If myocarditis following mRNA vaccines results from 
exposure to partial antigens, such as epitopes of the 
SARS-CoV-2 spike protein, this pathway would also need to 
account for myocarditis occurring a�er SARS-CoV-2 infection 
[26]. �e potential interaction between mRNA injection and 
subsequent infection was mentioned earlier in this paper. (Note: 
COVID-19 mRNA-induced myocarditis is associated with 
isolated spike protein presence without nucleocapsid protein, as 
the mRNA products encode only the spike protein. In contrast, 
SARS-CoV-2 infection induces the presence of both spike and 
nucleocapsid proteins in the bloodstream). 

 In terms of the pathogenesis of myocarditis, the biological 
plausibility for a causal link between the COVID-19 mRNA 
vaccines and adverse e�ects is now well-supported by several 
key �ndings:

• Spike protein and active in�ammation were observed in 

biopsied myocardial samples from young individuals 
hospitalized with mRNA vaccine-related myocarditis [266].

• COVID-19 mRNA was found in the heart at autopsy up to 
30 days post-injection [265]. In principle, the mRNA could 
have resulted in ongoing spike protein production, along 
with the associated in�ammatory e�ects.

• Spike protein has been detected in circulation in young 
adults who developed myocarditis following a COVID-19 
mRNA injection, but not in those injected individuals who 
did not develop myocarditis (suggesting susceptibility 
based on an immunologic inability to remove spike protein 
from the blood) [339].

 Recent in vivo animal studies have shown that both 
mRNA-1273 and BNT162b2 induce speci�c dysfunctions in 
isolated cardiomyocytes, which are pathophysiologically linked 
to cardiomyopathy [267]. Direct cardiotoxic e�ects of the P�zer 
and Moderna mRNA vaccines on rat cardiomyocytes were 
observed 48 hours post-injection, showing dysfunctions linked 
to cardiomyopathy. �is suggests that cardiomyocytes are not 
exempt from the biodistribution of lipid nanoparticle-modi�ed 
mRNA, and thus, each new mRNA product may pose the risk of 
severe heart issues, such as cardiomyopathy and cardiac arrest. 
Among the more plausible cardiotoxic mechanisms is the 
downregulation of the angiotensin-converting enzyme 2 
(ACE2) receptor following spike protein binding. �is can 
result in unopposed ACE activity, leading to elevated 
angiotensin-2 levels, in�ammation, and apoptosis of cardiac 
cells [340]. Angiotensin-2 elevation contributes to 
in�ammation and oxidative stress, both of which are critical in 
the development of cardiomyopathy [341].

 Finally, the aforementioned immunological impacts of 
repeated COVID-19 mRNA vaccines, notably T-cell exhaustion 
and the IgG4 antibody class switch, may also be linked to 
various adverse cardiac events via autoimmunity. �is raises 
concerns that the policy of ongoing boosters may contribute to 
the increases in autoimmune-in�ammatory processes that help 
fuel the pathogenesis of mRNA vaccine-related myocarditis, 
pericarditis, heart failure, and other serious cardiac events.

 In summary, myocarditis following COVID-19 mRNA 
vaccination has been linked to several potential 
immunopathogenic mechanisms. A key consideration is 
whether the condition arises from a systemic in�ammatory 
response or remains con�ned to the myocardium. Unlike 
systemic in�ammation, which typically involves multi-organ 
injury, mRNA vaccine-related myocarditis predominantly 
presents as isolated cardiac in�ammation, evidenced by chest 
pain, elevated cardiac biomarkers, and characteristic imaging 
�ndings. Autoimmunity, particularly through molecular 
mimicry, has been proposed as a mechanism; however, the 
rapid onset of symptoms within one to �ve days 
post-vaccination suggests that autoimmunity alone is unlikely 
to be the primary driver [26]. An alternative hypothesis 
implicates immune activation by SARS-CoV-2 spike protein 
epitopes present in both the mRNA product and the 
coronavirus, raising the question of whether myocarditis 
following the infection and mRNA injection shares a common 
antigenic trigger. �is has implications for mRNA product 
safety and the various cardiac sequelae.

Conclusions
Myocarditis remains one of the most signi�cant cardiac adverse 
events linked to the COVID-19 mRNA vaccines manufactured 
by P�zer and Moderna. �is review critically evaluated the 
relationship between mRNA vaccines and myocarditis using 
evidence from reanalyses of clinical trials, postmarketing data, 
prospective cardiac-monitoring studies, and large observational 
studies. Despite consistent safety signals showing a relatively 
high risk of myocarditis and its sequelae in younger age groups, 
public health authorities have defended the continued use of 
these products with claims that myocarditis from SARS-CoV-2 
infections, including Omicron, is more frequent; that 
vaccine-related myocarditis is rare, mild, and transient (without 
long term sequelae); and that the bene�ts outweigh the risks. 
However, our critique, grounded in epidemiological, clinical, 
and immunological evidence, challenges these assertions. �e 
combination of low risk of severe COVID-19 and a higher 
likelihood of mRNA vaccine-related myocarditis in younger 
people makes it di�cult to rationalize a policy of ongoing 
mRNA vaccines in this population.

 �e theoretical absolute bene�t of COVID-19 mRNA 
vaccination is largely contingent on an individual’s baseline risk 
of severe COVID-19 disease, prior natural immunity, current 
SARS-CoV-2 and access to early ambulatory treatment 
protocols. For healthy individuals under the age of 20, 30, or 40, 
the upper bound of absolute bene�ts has consistently been 
negligible across all strains, o�en approaching zero. 
Furthermore, no robust studies to date have reliably established 
a bene�t of the COVID-19 vaccination in infants, children and 
young adults. Even relatively rare safety signals (on a 
population-wide basis) can substantially alter the overall 
risk-bene�t analysis in younger populations. �e analyses by 
Krug et al., and Bourdon et al., both substantiate an unfavorable 
risk-bene�t calculus. Speci�cally, for young males, the risk 
associated with COVID-19 mRNA vaccine-related myocarditis 
following the second dose exceeds the potential upper-bound 
reduction in severe COVID-19 outcomes. �is underscores the 
critical need for age- and risk-strati�ed evaluations to better 
inform public health policy and to ensure that the harms do not 
consistently outweigh the theoretical bene�ts. Given the 
substantial evidence presented here concerning cardiotoxicity 
and serious cardiac events in younger generations, we strongly 
recommend the immediate withdrawal of COVID-19 mRNA 
products from the market.
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correlation between the onset of COVID-19 vaccine 
mandates for employment in the third quarter of 2021 and a 
signi�cant rise in excess mortality among working-age 
Americans (25–64 years old). Given that these individuals 
were predominantly young and healthy, the notion that 
COVID-19 signi�cantly contributed to this rise in mortality 
is implausible, particularly considering the low infection 
fatality rate (IFR) among these age groups. Furthermore, the 
SOA’s Group Life data indicated that the excess deaths for all 
younger adults (<45) were “non-COVID-19” fatalities, with 
no direct attribution to the virus. Speci�cally, the SOA report 
(2023) states: “�e 0–44 age band exhibited the highest A/E 
ratio [actual-to-expected ratios, relative to baseline] across 
the pandemic period and has consistently shown the highest 
A/E by quarter since the middle of 2021. �e 45–64 age band 
has the highest excess mortality directly attributable to 

 �e increase in AEs is not due to an increase in the number 
of COVID-19 mRNA doses administered. Figure 5 shows that 
when the number of AEs per million doses administered for 
in�uenza vaccines in 2019 (so as to exclude bias from 2020) are 
compared with the number of AEs per million doses 
administered for COVID-19 mRNA products in 2021, there are 
25 times more total AE reports and 200 times more myocarditis 
reports. �is normalization of the data demonstrates very 
clearly that not only are the COVID-19 products associated 
with higher total AE reports, but many other AE types as well, 
including myocarditis.

 Figure 6 shows VAERS myocarditis reports as of September 
29, 2023 by age and dose number. Notably, there was a �ve-fold 
increase in myocarditis reports among 15-year-old males following 
the second dose (green bars), with a general trend of increased cases 
a�er subsequent doses [141]. Across all ages, myocarditis reports 
were more prevalent following the second mRNA dose, suggesting 
a potential causal link between myocarditis and COVID-19 
vaccinations [141]. �is conclusion is further supported by a large 
disproportionality analysis of VAERS data, which demonstrated a 
statistically signi�cant association between cardiovascular events 
and administration of the COVID-19 mRNA products [146]. 

Sudden death in athletes
�e higher rates of myocarditis that were reported in U.S. 
military personnel may be related to their more strenuous 
physical activity levels [21,134]. Such physical stress could 
contribute to the more serious outcomes related to myocarditis, 
due to the fact that a surge of adrenalin (following vigorous 
exercise or physically stressful activity) may trigger cardiac 
arrest in younger adults in the setting of clinical or subclinical 
myocarditis [147]. Some of the histopathological features of 
adolescent cases (e.g., contraction band necrosis, along with 
neutrophil and histiocyte in�ltrates) suggest 
catecholamine-induced in�ammation of the myocardium 
[148,149]. It also appears that younger populations are more 
susceptible to su�er from fulminant myocardial injury due to 
their stronger immune-in�ammatory response compared to 
elderly people [150]. 

 �e combined e�ects of exercise-induced in�ammation 
and increased stress hormone output may help explain the surge 
in serious cardiac events and “sudden deaths” among 
professional athletes since 2021. �is well-documented 
myocarditis-related phenomenon explains why, even before the 
pandemic, young athletes were more prone to sudden cardiac 
death compared to their non-athletic counterparts [151]. In a 
recent 38-year timeframe, 1101 athletes under the age of 35 died 
due to various heart-related conditions, 50% of whom had 
congenital anatomical heart disease and cardiomyopathies; 
while 10% had atherosclerotic heart disease with early onset 
[151]. �us the average annual number of lethal cardiac arrests 
among professional athletes on the �eld in Europe was about 29 
deaths per year prior to 2021. Beginning in 2021, however, this 
�gure increased by nearly 10-fold to 283 per year, based on the 
annualized rate of cardiac arrests observed a�er the rollout of 
COVID-19 mRNA products to active players aged 35 and 
under; tragically, two-thirds of these players were never 
resuscitated [152]. Many professional athletes were barred from 
competition if they did not consent to receiving the mRNA 
vaccines, placing many individuals at heightened risk of 
su�ering from myocardial injury.

 �e FDA conducted two risk-bene�t analyses of primary 
series mRNA vaccinations: the �rst by Funk et al. for 
BNT162b2, the second by Yogurtcu et al. for mRNA-1273 
[270,271]. Both studies were based on simulated 
population-based scenarios, a choice most likely made on the 
basis of speed †, resource e�ciency, and ability to model 
scenarios in the context of relatively limited real-world data. It is 
important to note, however, that simulation studies are easily 
exploited by choosing assumptions, models, and input 
parameters that align with a particular set of biases and desired 
outcomes. Uncertainties in key parameters, such as myocarditis 
incidence, vaccine e�cacy, and AE rates, can lead to overly 
optimistic results. Researcher’s intent on validating a public 
health policy such as mass vaccination would tend to 
overestimate vaccine e�cacy while underestimating 
myocarditis risks. �ey would also tend to construct pandemic 
scenarios that amplify the perceived bene�ts, such as higher 
infection rates or more severe outcomes in unvaccinated 
populations. Sensitivity analyses in this context can be designed 
to focus on favorable outcomes while downplaying worst-case 
scenarios. �e inherent �exibility and reliance on assumptions 
in simulation studies make them particularly susceptible to 
subjective interpretation, enabling (biased) researchers to 
subtly skew results while maintaining the appearance of 
scienti�c rigor. 

 Such concerns are appropriate to mention in this context 
given the FDA’s long-standing con�icts of interest with respect 
to the pharmaceutical industry [272,273]. �e FDA is a 
regulatory agency funded by the federal government to oversee 
the safety and e�cacy of medical products, including 
gene-based prodrugs such as BNT162b2 and mRNA-1273. 

devoting so much of taxpayers’ dollars to �nancing these 
projects and accelerating the EUA process, one would expect 
government agencies such as the FDA to have a strong a priori 
bias toward favorable risk-bene�t conclusions of any analysis of 
the mRNA products.

 For the two FDA risk-bene�t analyses, investigators 
employed a range of modeling scenarios to address 
uncertainties surrounding pandemic dynamics and vaccination 
outcomes. To quantify bene�ts, the agency estimated reductions 
in COVID-19 cases, hospitalizations, intensive care unit (ICU) 
admissions, and deaths attributable to vaccination. COVID-19 
mRNA vaccine-related risks, including cases of 
mRNA-attributable myocarditis/pericarditis, along with 
associated hospitalizations, ICU admissions, and deaths, were 
also evaluated. �e FDA concluded that the bene�ts of the 
mRNA vaccines outweighed the risks of mRNA-attributable 
myocarditis/pericarditis, even among males within the 
highest-risk age groups: 16-17 years for BNT162b2 and 18-25 
years for mRNA-1273.

 For example, with regard to the Moderna product, 
mRNA-1273, Yogurtcu et al., state in their abstract: 
“Remarkably, we predicted vaccinating one million 18-25 
year-old males would prevent 82,484 cases, 4,766 
hospitalizations, 1,144 ICU admissions, and 51 deaths due to 
COVID-19, comparing to 128 vaccine-attributable 
myocarditis/pericarditis cases, 110 hospitalizations, zero ICU 
admissions, and zero deaths” [271]. Let us consider the authors’ 
myo-pericarditis “remarkable” estimate of 12.8 cases per 
100,000 (0.0128%) mRNA-1273 inoculations (second dose) for 
younger males in the 18-25 age group. �is estimate appears to 
re�ect strong bias, given the published observational study 
�ndings for males from this same age group. For example, in a 
cohort study for Kaiser Permanente, Shar� et al., estimated 53.7 
cases per 100,000 doses in males aged 18–24 a�er the second 
dose, a fourfold increase compared to the FDA’s estimate for 
simulation purposes [70]. Buchan et al., estimated about 30 
cases per 100,000 doses for this same population subgroup a�er 
the second mRNA-1273 dose [69].

�is narrative review has presented diverse 
evidence and perspectives highlighting the 
relatively large contribution of COVID-19 
mRNA vaccinations to elevated 
myocarditis rates during the COVID-19 
pandemic. Various sources of 
epidemiological and clinical data 
collectively highlight an emerging pattern 
suggesting that the risks of myopericarditis 
(either speci�cally de�ned myocarditis or 
pericarditis or most o�en both conditions) 
associated with COVID-19 vaccination 
were signi�cantly underreported and/ or 
underestimated by regulatory agencies due 
to the lack of large-scale prospective cohort 
studies with baseline and post vaccination 
assessments (history, ECG, laboratories, 
cardiac imaging).

 Figure 8 depicts the pathophysiology, 
risk factors, and misconceptions 
surrounding myocarditis following 
COVID-19 mRNA-based vaccinations. In 
terms of pathophysiology (top-le� panel), 
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