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Importance: There is a high level of public and professional interest related to potential safety issues of the COVID-19 vaccines; however, no serious adverse cardiovascular events were reported in phase 3 randomized controlled trials of their safety and efficacy. Moreover, none of the case series from the United States (US) of these potential complications have been population-based.



Objectives: To estimate the reporting rates of myocarditis and pericarditis in the US using the Vaccine Adverse Event Reporting System (VAERS), and to assess if these adverse events were disproportionally reported among the different COVID-19 vaccines.



Design, setting, and participants: All cases of myocarditis and pericarditis from VAERS reported up to July 28, 2021.



Exposure: Single-dose Ad26.COV2.S, BNT162b2 mRNA, or mRNA-1273 SARS-CoV-2 vaccinations.



Main outcomes and measures: Reporting rates were computed by dividing the total number of cases of myocarditis and pericarditis (combined) by the total number of vaccine doses administered. Disproportionality analyses were performed to evaluate disproportional reporting of myocarditis and pericarditis for the Ad26.COV2.S and mRNA-1273 vaccines vs. the BNT162b2 mRNA vaccine.



Results: By July 28, 2021, 1392, 699, and 68 cases of myocarditis or pericarditis had been reported out of 1.91, 1.38, and 1.33 million administered doses of the BNT162b2 mRNA, mRNA-1273, and Ad26.COV2.S COVID-19 vaccines, respectively. Median times to event were 3 days, 3 days, and 9 days for the BNT162b2 mRNA, mRNA-1273, and Ad26.COV2.S COVID-19 vaccines. The reporting rates for myocarditis or pericarditis were 0.00073 (95% confidence interval, 95% CI 0.00069–0.00077), 0.00051 (95% CI 0.00047–0.00055), and 0.00005 events per dose (95% CI 0.00004–0.00006) for the BNT162b2 mRNA, mRNA-1273, and Ad26.COV2.S COVID-19 vaccines, respectively. Myocarditis and pericarditis were disproportionally reported following the BNT162b2 mRNA vaccine when compared with the other vaccines, using both disproportionality measures.



Conclusions and relevance: We found reporting rates of myocarditis and pericarditis to be less than 0.1% after COVID-19 vaccination. Rates were highest for the BNT162b2 mRNA vaccine, followed by the mRNA-1273 and Ad26.COV2.S, respectively. However, the reporting rates of myocarditis and pericarditis secondary to vaccination remains less common than those seen for SARS-CoV-2 infection.
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1. Introduction

Myocarditis is inflammation of the cardiac muscle, while pericarditis is a pericardial inflammatory syndrome (1–3). Myocarditis and pericarditis share common etiologies, and overlapping forms are often encountered (4). While both conditions are most frequently triggered by viral infection, now including severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (5), cases have been reported following the BNT162b2-mRNA (Pfizer-BioNTech) and mRNA-1273 (Moderna) coronavirus disease 2019 (COVID-19) vaccines (6). There is a high level of public and professional interest related to potential safety issues of the COVID-19 vaccines, but no serious adverse cardiovascular events were reported in phase 3 randomized controlled trials of their safety and efficacy (7–9). Although rates of myocarditis or pericarditis following COVID-19 vaccines appear to be higher than expected when compared with the background population, early case series from the United States (US) of these potential complications were not population-based (10), and reported studies using data from the Vaccine Adverse Event Reporting System (VAERS) have not directly compared the three most commonly administered vaccines (11–16). Therefore, we aimed to describe the reporting rates of myocarditis and pericarditis in the US, assess disproportionality in reporting myocarditis or pericarditis among the different vaccines, and describe the characteristics of individuals who developed these conditions.



2. Methods


2.1. Data sources

Using VAERS, we retrieved all cases of myocarditis and pericarditis following single-dose Ad26.COV2.S, BNT162b2 mRNA, or mRNA-1273 SARS-CoV-2 vaccinations reported up to July 28, 2021. Medical Dictionary for Regulatory Activities (MedDRA) preferred terms used to retrieve the cases from VAERS were myocarditis, pericarditis, viral myocarditis, and viral pericarditis.



2.2. Case-by-case analysis

A descriptive analysis of the demographic and clinical characteristics of the cases was performed. Age and sex stratified by vaccine type were presented in a density plot and a bar chart, respectively. A case-by-case analysis was performed by two researchers (PP and PS) which included an evaluation of risk factors for myocarditis and pericarditis (17, 18), the medical confirmation of the diagnosis by laboratory analyses and/or imaging, and an analysis of the narrative description of the case provided by the healthcare providers. Based on the results of the case-by-case analysis, we classified the cases as having/not having a validated diagnosis and has having/not having concurrent risk factors for myocarditis and pericarditis. During the case-by-case analysis, we screened for duplicates and cases that required obvious exclusion. This approach has been extensively used in VAERS and other spontaneous reporting databases (19–24).



2.3. Disproportionality analyses

Reporting rates were computed by dividing the total number of cases of myocarditis and pericarditis (combined) by the total number of vaccine doses administered. Reporting rate ratios were computed by dividing the reporting rates for myocarditis and pericarditis (combined) of the Ad26.COV2.S and mRNA-1273 vaccines by the reporting rate of the BNT162b2 mRNA vaccine. The 95% confidence intervals (95% CI) of the reporting rates and reporting rate ratios were also computed.

Disproportionality analyses were performed to evaluate disproportional reporting of myocarditis and pericarditis for the Ad26.COV2.S and mRNA-1273 vaccines vs. the BNT162b2 mRNA vaccine. The reporting odds ratio (ROR) and Empirical Bayes Geometric Mean (EBGM) were used as disproportionality measures, the formulas of which are presented in Table 1. An additional disproportionality analysis was performed only using cases that through case-by-case assessment were found to have a validated diagnosis and for which no risk factors were reported.


TABLE 1 Formulas for computing the reporting odds ratio (ROR), the standard error for the ROR, the empirical Bayes geometric mean (EBGM), and the 95% confidence interval for the EBGM.
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We considered a diagnosis corroborated by laboratory analysis and/or imaging if at least one of the following had been described:


	1)Troponin concentration above the 99th percentile upper reference limit;

	2)Electrocardiogram with typical alterations observed in cases of myocarditis or pericarditis, e.g., diffuse ST-segment elevations and PR-segment depressions;

	3)Findings on magnetic resonance imagining or echocardiogram supporting the diagnosis of myocarditis or pericarditis;

	4)Endomyocardial biopsy results supporting the diagnosis of myocarditis;



Additionally, we ensured that coronary angiography or CT-angiography did not support a diagnosis of obstructive coronary artery disease or pulmonary embolism.




3. Results


3.1. Descriptive analysis

By July 28, 2021, 1392, 699, and 68 cases of myocarditis or pericarditis had been reported out of 1.91, 1.38, and 1.33 million administered doses of the BNT162b2 mRNA, mRNA-1273, and Ad26.COV2.S COVID-19 vaccines. In all, 815 of 1392 (58%) and 369 of 699 (53%) cases of myocarditis or pericarditis followed the second dose of the BNT162b2 mRNA and mRNA-1273 COVID-19 vaccines, respectively.

The median times to event were 3 days (interquartile range, IQR 1–10 days), 3 days (IQR 2–13), and 9 days (IQR 2–25) for the BNT162b2 mRNA, mRNA-1273, and Ad26.COV2.S COVID-19 vaccines. Nine-hundred and seventy-five, 500, and 40 individuals required hospitalization for myocarditis or pericarditis. There were 10, 9, and 2 fatal cases, respectively.



3.2. Case-by-case analysis

In the case-by-case analysis, we identified 307 duplicates and 1 case for which it was claimed that no COVID-19 vaccine had been received. Therefore, these cases were excluded from further analyses.

Median age of the cases was 27 years (IQR, 18–45), and 74% were male. The age and sex distributions of cases stratified by vaccine manufacturer are presented in Figure 1.


[image: Figure 1]
FIGURE 1
Age and sex distribution of cases of myocarditis and pericarditis by vaccine manufacturer. M, male; F, Female.


A total of 3,662 examinations were performed by healthcare providers to confirm the diagnosis of myocarditis or pericarditis, and to exclude the concurrent presence of clinical conditions that may have overlapping signs and symptoms. None of the cases reported a medical history of birth defects.

Forty-eight percent of the diagnoses were confirmed by laboratory analyses or imaging, without the presence of risk factors. In 7%, the diagnosis was supported by these ancillary tests, but risk factors had been reported. In 40% of the cases, the diagnosis was not confirmed by laboratory analyses or imaging, and risk factors were not reported. Finally, in 5%, the diagnosis was not confirmed by ancillary tests, but risk factors were reported.

Representative examples of clusters of cases with and without a diagnosis validated by laboratory analyses or medical imaging, and with or without concurrent risk factors are provided in Table 2. All cases evaluated are provided in Supplementary Table S1.


TABLE 2 Representative examples for clusters of similar cases of myocarditis and pericarditis following pfizer-bioNTech, moderna, and janssen COVID-19 vaccines exposure.
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3.3. Reporting rates, reporting rate ratios, and disproportionality analyses

The reporting rates for myocarditis/pericarditis were 0.00073 (95% confidence interval, 95% CI 0.00069–0.00077), 0.00051 (95% CI 0.00047–0.00055), and 0.00005 events per dose (95% CI 0.00004–0.00006) for the BNT162b2 mRNA, mRNA-1273, and Ad26.COV2.S COVID-19 vaccines, respectively. The reporting rate ratios for myocarditis or pericarditis were 1.44 (95% CI 1.31–1.58; BNT162b2 mRNA vs. mRNA-1273), 18.87 (95% CI 10.57–33.72; mRNA-1273 vs. Ad26.COV2.S), and 14.26 (95% CI 11.18–18.20; BNT162b2 mRNA vs. Ad26.COV2.S).

Myocarditis and pericarditis were disproportionally reported following the BNT162b2 mRNA vaccine when compared with both the Ad26.COV2.S and mRNA-1273 vaccines, independently of the disproportionality measure used in the analysis (Figure 2). The results of the sensitivity analysis performed on cases with a validated diagnosis of myocarditis and pericarditis by laboratory analyses or imaging were consistent with those provided in the main analysis (Figure 3).


[image: Figure 2]
FIGURE 2
Forest plot of the results of the disproportionality analysis. ROR, reporting odds ratio; EBGM, empirical Bayes geometric mean; AEFI, adverse event following immunization.



[image: Figure 3]
FIGURE 3
Forest plot of the results of the disproportionality analysis performed with validated cases by laboratory analysis/medical imaging of myocarditis and pericarditis. ROR, reporting odds ratio; EBGM, empirical Bayes geometric mean; AEFI, adverse event following immunization.





4. Discussion

In this comprehensive analysis based on VAERS, we found reporting rates of myocarditis and pericarditis to be less than 0.1% for all three types of COVID-19 vaccines authorized for use in the US. Reporting rates were highest for the BNT162b2 mRNA vaccine, followed by the mRNA-1273 and Ad26.COV2.S vaccines, respectively. Almost half of the cases were confirmed by laboratory testing and/or imaging without the presence of other risk factors for myocarditis or pericarditis.

The first report of myocarditis following administration of the BNT162b2-mRNA vaccine described 62 individuals in Israel, primarily young men (25). Two of these cases were fatal. Since then, reports also emerged from the US where the incidence of myocarditis or pericarditis after COVID-19 vaccination was higher than expected when compared with background rates (6, 26). The fact that most cases were seen in previously healthy male adolescents or young men, and generally developed within a week of vaccine administration, agrees with prior reports (27–31). Interestingly, rates of myocarditis or pericarditis after administration of the BNT162b2-mRNA and mRNA-1273 vaccines appear to be an order of magnitude higher than those previously described for the smallpox vaccine among military personnel (32). Conversely, rates seem similar for the Ad26.COV2.S vaccine.

The risk of myocarditis or pericarditis following COVID-19 vaccination is likely lower than the risk of these conditions secondary to COVID-19 infection (33). Moreover, cases of COVID-19-related myopericarditis are likely underreported (34). One review reported a 15-fold higher risk of myocarditis or pericarditis after SARS-CoV-2 infection (150–4,000 cases/100,000 individuals) compared with pre-COVID levels (1–10 cases/100,000 individuals) (35). Finally, a recent systematic review and meta-analysis found a more than 7-fold higher in persons who were infected with the SARS-CoV-2 than in those who were vaccinated (36).

Our study extends data from prior studies that used data from VAERS (11–16). For example, Alami et al. found the combined rate of myocarditis and pericarditis to be higher after the second vaccine dose and highest among males aged 12–17 years (∼6 cases per 100,000 s doses) (11). Reporting rates were similar between both mRNA COVID-19 vaccines (BNT162b2-mRNA and mRNA-1273) across the different age groups. These results were corroborated by a comprehensive study by Oster et al. (14) Laurini et al. also found disproportionality for BNT162b2 as compared with mRNA-1273 for myocarditis (15). Finally, Woo et al. raised a potential safety concern for the Ad26.COV2.S vaccine with respect to myocarditis (16).

In most prior reports on COVID-19 vaccine-related myocarditis and pericarditis, the diagnosis was based on laboratory testing and noninvasive imaging. However, a case series of two patients demonstrated histologically confirmed myocarditis after the BNT162b2-mRNA and mRNA-1273 vaccines (37). In both these cases, an inflammatory infiltrate with macrophages, T-cells, eosinophils, and B-cells was seen upon endomyocardial sampling. Testing for viral genomes or autoantibodies in the tissue specimens was not performed, but no other causes were identified by polymerase chain reaction or serologic examination. Therefore, although causality between the COVID-19 vaccines and these cardiovascular complications remains unproven, it does appear likely because of the temporal association and the lack of other plausible causes (6).

The systemic inflammatory response to immunizations can lead to both myocardial and pericardial inflammation (38). The underlying mechanism has not been fully elucidated, but is most likely nonspecific innate inflammation or molecular mimicry, leading to eosinophilic hypersensitivity myocarditis as has been seen for other drugs and vaccines (38). Indeed, the presentation is fairly similar to that of idiopathic myopericarditis (27–32, 39). While some studies have reported abnormal left ventricular systolic function in this setting (29–31), long-term prognostic implications are unknown. It is also unclear why more cases have been reported after the mRNA-based vaccines. This may be due to their different mechanism of action, the fact that two doses are administered, or because the BNT162b2-mRNA vaccine is more commonly used in younger individuals who may be more susceptible to develop myocarditis and pericarditis.


4.1. Limitations

Our results should be considered in virtue of the limitations of VAERS. Spontaneous reporting systems are susceptible to both underreporting and incomplete reporting. Accordingly, it is not possible to accurately assess the frequency or incidence of adverse events using these data sources. As an example, there was a significantly higher incidence of myocarditis and pericarditis after small-pox vaccination when actively following patients compared with passive case finding (38). Spontaneous reporting databases are also sensitive to the high variability of data quality without adjudication, differential reporting, and the lack of an accurate denominator. These factors may influence the reliability of head-to-head comparisons among vaccines (40, 41).

Furthermore, it is important to acknowledge the emergence of bivalent versions of the COVID-19 vaccines, such as the d26.COV2.S, BNT162b2 mRNA, and mRNA-1273 SARS-CoV-2 vaccines. While our analysis focused on the safety of existing vaccine formulations, it is crucial to recognize that this study did not include an evaluation of the bivalent versions as they were not available at the time of our analysis. Future research should consider examining the effectiveness and potential benefits of these specific vaccines, as they may contribute to a more comprehensive understanding of the evolving landscape of COVID-19 vaccination strategies. Including such analysis could provide valuable insights into the comparative safety profiles of different vaccine formulations.




5. Conclusions

We found reporting rates of myocarditis and pericarditis to be less than 0.1% after COVID-19 vaccination. Rates were highest for the BNT162b2 mRNA vaccine, followed by the mRNA-1273 and Ad26.COV2.S vaccines, respectively. The reporting rates of cardiovascular complications such as myocarditis and pericarditis secondary to vaccination remain less common than those seen for SARS-CoV-2 infection.
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‘The diagnosis was medically
confirmed, laboratory analysis
supported the diagnosis of
myocarditis/pericarditis, and
risk factors were not reported

Case reports

Age: 31

Sex: Male

State: Minnesota

Narrative description of the case: The patient reports a severe dull ache pain radiating in the left arm that's been intermittent over the past

week and associated tightness in neck/chest & diaphoresis. The patient received the 2nd Moderna shot the week before the occurrence of the

frs signs and symploms and described feeing extensive discomfort 24 h following the vaccination and, then started fecling the
symptoms. The showed sinus rhythm and ST elevations in V3-V6 and in the inferior leads (IL, ITl, and

aVF). Troponins were 8.32 at the admission and peaked to 13.58 after 3 h. At the admission, C-reactive protein was 6.1 and erythrocyte

Sedimentation Rate 17. Chest x-ray was clear. Cardiac catheterization was performed to rule out obstructive coronary artery disease.

Following this exam, Magnetic Resonance Imaging was performed and it confirmed myocarditis. The patient improved and was ultimately

discharged in a week with a clinical follow-up in 1 month.

Exams: Magnetic Resonance Imaging of the heart: findings concerning acute myocarditis edema & sub-epicardial delayed enhancement of

left ventricle inferior & lateral walls at the base (¢jection fraction 54%).

Risk factors: none.

Laboratory analyses supported
the diagnosis of myocarditis/
pericarditis however, risk
factors for myocarditis/
pericarditis were reported.

Age: 76

Sex: Female

State: Oregon

Narrative description of the case: Acute myocarditis.

Exams: Patient initially presenting with recurrent atypical chest pain, now third episode in the past week with similar presenting symptoms.
Recently hospitalized for suspected non-ST elevation myocardial infarction, with coronary angiogram at that time demonstrating non-
obstructive coronary artery discase (1/4/2021).

Readmitted 27/4/2021 with recurrent chest pain and started on antianginal therapy with sublingual nitroglycerin and isosorbide mononitrate
which were ineffective, subsequently resulting in current readmission (29/4/2021). Given mild persistent troponin elevation (200), cardiology
consultation was obtained.

Repeat iogram (30/4/2021) ing interval in cjection fraction with resolution of previously
demonstrated wall motion abnormalities, ejection fraction is now 65%. Cardiac magnetic resonance was obtained which demonstrated
abnormal T1 and T2 signal changes in the left ventricle consistent with myocarditis, notably no washing abnormalities were present. Per
cardiology, likely resolving viral myocarditis. No further cardiac risk ratification indicated at this time. Cardiology advised symptomatic
management of intermittent chest pain with hydrocodone/acetaminophen and avoidance of nonsteroidal medications. Patient was
extensively counseled on the etiology of her chest pain, with emphasis on reassuring findings from recent coronary angiogram and cardiac
MRI that chest pain does not appear to be due to acute coronary syndromefischemic heart disease. Sublingual nitroglycerin and isosorbide
mononitrate were discontinued, and she was restarted on prior dose losartan for initial medical therapy with angiotensin-converting enzyme
inhibitors given non-ischemic cardiomyopathy.
Cardiovascular magnetic resonance 30/4/2021:
Abnormal T1 and T2 signal changes in the left ventricle with at least one focus of subepicardial enhancement involving the mid
inferolateral segment, compatible with myocarditis. There are no wall motion abnormalities on the current exam to suggest stress
cardiomyopathy.
Normal left-ventricular systolic function, cjection fraction 67%.
Risk factors: concurrent cardiovascular disorders, hypothyroidism, and metastatic breast, and lung cancer.

The diagnosis was not
medically confirmed by
Jaboratory analyses but no risk
factors for myocarditis/
pericarditis were concurrently
reported.

Age: 14

Sex: Male

State: Maryland

Narrative description of the case: The patient presented to the emergency room with a severe unrelenting chest pain beginning abruptly 4
days after receiving first dose of Pfizer COVIDI9 vaccine. He was diagnosed at the emergency room with pericarditis and discharged with
ibuprofen. Chest pain has gradually improved over past 6 days though s still intermittently present.

Exams: Electrocardiogram and chest x-ray were done at emergency room were reported to the parent as normal. Laboratory tests: Complete
Blood Count: normal, C-reactive protein: normal, troponins: normal.

Risk factors: none

Age: 17

Sex: Male

State: California

Narrative description of the case: A couple days after my son (17 years old) got the 2nd shot he was having a pressure in his chest and left
arm so we rushed him to the hospital. When we got to the hospital blood test show also liver inflammation they hospitalized him right away.
Hewas there 3 days and just got released. Now he need to be under care with medication and visit to a heart cardiology doctor every few days
for tests. He cannot do any activity (per to the doctor including computer games that can raise his heart rate).

Exams: Inflammation of the heart, many test was takes.

Risk factors: none.

‘The diagnosis was not
medically confirmed by
Iaboratory analyses and risk
factors for myocarditis/
pericarditis were concurrently
reported.

Age: 39

Sex: Male

State: South Carolina

Narrative description of the case: 1/5/21 started with fever, severe body aches, shaking from being cold even bundled with electric blanket,
nausea, and vomiting. That lasted through 1/8/2021. On 1/7 I started having trouble with taking a deep breath. Chest would get very tight
and hurt when I would take a big breath, bend forward, or lay back. I went to express care and they could not rule out pericarditis. Told me to
g0 to the emergency room for further work up to rule out spontaneous pulmonary embolism or pericarditis.

Exams: 1/9 electrocardiogram and chest x-ray, both looked good. They did not have an echo or a computed tomography scanner. I have been
taking 600 mg ibuprofen every 6 h (around the clock) to clear the inflammation and as of this morning 1/10 1 am feeling 95% better! T wil
call my rheumatologist tomorrow when they open to see if he graphy to check my heart.
Risk factors: Systemic lupus erythematosus.
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