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Background. Myocarditis following coronavirus disease 2019 (COVID-19) mRNA vaccines (Pfizer-BioNTech and Moderna)
has been increasingly reported. Incidence rates in the general population are lacking, with pericarditis rather than myocarditis diag-
nostic codes being used to estimate background rates. This comparison is critical for balancing the risk of vaccination with the risk
of no vaccination.

Methods. A retrospective case series was performed using the Mayo Clinic COVID-19 Vaccine Registry. We measured the inci-
dence rate ratio (IRR) for myocarditis temporally related to COVID-19 mRNA vaccination compared with myocarditis in a compa-
rable population from 2016 through 2020. Clinical characteristics and outcomes of the affected patients were collected. A total of 21
individuals were identified, but ultimately 7 patients met the inclusion criteria for vaccine-associated myocarditis.

Results.  The overall IRR of COVID-19-related myocarditis was 4.18 (95% confidence interval [CI], 1.63-8.98), which was en-
tirely attributable to an increased IRR among adult males (IRR, 6.69; 95% CI, 2.35-15.52) compared with females (IRR 1.41; 95% CI,
.03-8.45). All cases occurred within 2 weeks of a dose of the COVID-19 mRNA vaccine, with the majority occurring within 3 days

(range, 1-13) following the second dose (6 of 7 patients, 86%). Overall, cases were mild, and all patients survived.
Conclusions. Myocarditis is a rare adverse event associated with COVID-19 mRNA vaccines. It occurs in adult males with sig-
nificantly higher incidence than in the background population. Recurrence of myocarditis after a subsequent mRNA vaccine dose

is not known at this time.
Keywords. COVID-19; vaccine-associated myocarditis.

The coronavirus disease-2019 (COVID-19) outbreak was de-
clared a pandemic by the World Health Organization on 11
March 2020, and development of a safe, effective COVID-19
vaccine rapidly became a global priority. In the United States,
the BNT162b2 mRNA (Pfizer-BioNTech) and mRNA-1273
(Moderna) COVID-19 vaccines were granted emergency
use authorization by the US Food and Drug Administration
in December 2020 following interim results of phase 3 clin-
ical trials [1, 2]. These clinical trials and real-world data have
demonstrated more than 95% effectiveness of the mRNA vac-
cines, preventing 164 900 cases of COVID-19, 25 000 hos-
pitalizations, and 3628 deaths per million doses of mRNA
vaccines given in the United States [1]. With more than 216
million people having received at least 1 dose of the COVID-
19 mRNA vaccine to date in the United States, recognition and
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understanding of the potential adverse events of these novel
vaccines are essential [3].

Myocarditis has been reported in association with immun-
izations, most notably the live attenuated smallpox vaccine
[4]. Recently, cases of myocarditis following receipt of the
COVID-19 mRNA vaccine in adolescents and young adults
have been published [5-8]. The Centers for Disease Control
and Prevention (CDC) has issued clinical guidance alerting
providers to this potential association, noting that the reported
cases have been predominantly in male adolescents and young
adults [9]. Available incidence rates in the general population
for comparison are lacking, with pericarditis rather than my-
ocarditis diagnostic codes being used to estimate background
rates in the population [10].

Here, we present a series of 7 patients (aged 22 to 71 years)
with myocarditis presenting shortly after receipt of a dose of
the COVID-19 mRNA vaccine (Pfizer-BioNTech or Moderna)
from a registry designed to capture outcomes for a defined
population of vaccinated individuals. We also calculated the
incidence rate of myocarditis following COVID-19 mRNA vac-
cination and compared this to the background incidence rate of
myocarditis in a comparable population.
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METHODS

Study Population and Study Design

A retrospective case series study was performed using the Mayo
Clinic COVID-19 Vaccine Registry, which tracks recipients
of COVID-19 vaccines administered at the Mayo Clinic main
campus in Rochester, Minnesota, and the Mayo Clinic Health
System in the upper Midwest states (Minnesota and Wisconsin).
It also contains demographic information and clinical out-
comes for vaccinated individuals. To be included in the vac-
cine registry, an individual had to meet the following criteria:
received at least 1 dose of any COVID-19 vaccine including the
mRNA vaccines and the Johnson & Johnson/Janssen vaccine
and was a primary care patient of the Mayo Clinic (Minnesota
and Wisconsin) at the time of the first vaccination dose. At the
time of this analysis, there were 175 472 individuals (aged 12 to
106 years) in the vaccine registry. The COVID-19 registry con-
tained 718 (0.4%) adolescents aged 12 to 15 years.

The registry was queried for individuals with a clinical di-
agnosis of myocarditis (International Classification of Diseases,
Tenth Revision, Clinical Modification [ICD-10] codes: 140.0 [in-
fective myocarditis], 140.1 [isolated myocarditis], 140.8 [other
acute myocarditis], 140.9 [acute myocarditis], 141 [myocarditis
in diseases classified elsewhere], 151.4 [myocarditis unspec-
ified], or B33.22 [viral myocarditis]) following any dose of a
COVID-19 mRNA vaccine from 17 December 2020 through
13 May 2021. To ensure that we captured all the adverse events
from the vaccine, this query was limited to the COVID-19 vac-
cine registry population. We did not exclude individuals with a
mixed series of COVID-19 mRNA vaccines. For instance, there
were 365 individuals (0.2%) who received different vaccines,
of whom 14 received 1 dose of the Johnson & Johnson/Janssen
vaccine.

The Rochester Epidemiology Project (REP) is a collab-
oration of clinics, hospitals, and other medical facilities in
Minnesota and Wisconsin linking medical records for re-
search purposes. Since 1996, the REP has enrolled hundreds
of thousands of individuals who agreed to share their medical
records and provided a comparable population for this study
[11]. We conducted a query of the REP database using the
ICD-10 codes listed above for the years 2016 through 2020 to
identify the incidence of myocarditis among the REP popula-
tion aged 216 years.

The observation window for vaccinated individuals in the
vaccine registry varied from 6 weeks to 5 months. Because all
cases of post-immunization myocarditis in the vaccine registry
population presented within 13 days of receiving a dose of a
mRNA vaccine, we assigned each vaccination dose an obser-
vation time of 14 days when calculating person-years of obser-
vation. In total, there were 12 648 person-years of observation
in the vaccine registry cohort. Most individuals (145 876; 83%)
had more than 30 days of follow-up since their last vaccination
date.

Clinical presentation, diagnostic test results, comorbidities,
treatment, and outcomes were extracted retrospectively from
the electronic medical record. The American Heart Association
and European Society of Cardiology have published guidelines
for the diagnosis and management of myocarditis [12]. Recently,
the CDC provided guidance regarding the diagnosis and man-
agement of COVID-19 vaccine-related myocarditis [13, 14]. The
Mayo Clinic Institutional Review Board approved the study.

Statistical Analyses

Frequencies and percentages are reported for categorical vari-
ables. Data are presented as median (interquartile range [IQR])
for nonnormally distributed data and mean + standard devia-
tion for normally distributed data. Differences between groups
were tested using the y° test or a Fisher exact test for catego-
rical variables as appropriate. Incidence rates and incidence
rate ratios (IRRs) were calculated. Statistical analyses were per-
formed using OpenEpi (version 3) [1, 15].

RESULTS

A total of 21 individuals were identified as having a clinical di-
agnosis of myocarditis via the Mayo Clinic COVID-19 Vaccine
Registry after receiving at least 1 dose of a COVID-19 mRNA
vaccine on or before 13 May 2021; records were screened by
2 physicians (M. D. S. and A. Y. J.). However, only 7 individ-
uals had new onset myocarditis following vaccination. The
remaining 14 patients were excluded since they did not have
evidence of COVID-19 vaccine-related myocarditis; however,
the diagnosis was used during a post-immunization clinical en-
counter due to a prior history of myocarditis. No cases of myo-
carditis were found following a dose of the Johnson & Johnson/

Janssen vaccine.

Summary of Cases
Table 1 summarizes the demographic characteristics of the
cohort. The median age at the time of diagnosis was 44 years
(range, 22-71), and most patients were male (6 of 7, 86%).
All patients self-identified as non-Hispanic White. The most
common comorbidities were hypertension (5 of 7, 72%), obe-
sity (4 of 7, 57%), obstructive sleep apnea (4 of 7, 57%), tobacco
use (3 of 7, 42%), and dyslipidemia (3 of 7, 42%). One patient
(14%) had a history of myocarditis, and another patient (14%)
had a history of pericarditis. One patient (14%) was previously
infected with severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2). Three patients (42%) received the Pfizer-
BioNTech vaccine and 4 (57%) received the Moderna vaccine.
All cases occurred within 2 weeks of a dose of the COVID-
19 mRNA vaccine, with the majority occurring within 3 days
(range, 1-13). All except 1 case occurred after the second dose
of the vaccine.

The clinical characteristics of the patients with COVID-19
vaccine-related myocarditis are shown in the Supplementary
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Table 1. Demographics of Cases

Variable Frequency
Sex, male 6 (86)
Age, years 44.8 (31.8-64.2)
Ethnicity

White/Non-Hispanic White 7 (100)
Body mass index, kg/m? 30 (28-31)
Comorbidities

Obesity 4 (57)

Obstructive sleep apnea 4 (57)

Tobacco use 3(42)

Hypertension 5(72)

Dyslipidemia 3 (42)
Prior history of myocarditis 1(14)
Prior history of pericarditis 1(14)
Previous COVID-19 infection 1(14)
Type of COVID-19 mRNA vaccine

mRNA-1273 (Moderna) 4 (57)

BNT162b2 (PfizerBioNTech) 3(42)
Time interval between first vaccine and 31 (24-42)
onset of symptoms (range), days
Time interval between second vaccine and 3 (3-15)
onset of symptoms (range), days
Hospitalization 6 (86)

Duration (range), days 2 (2-4)
Survival to hospital discharge 7 (100)

n is the number of patients; % is the percentage of the total number of patients (N = 7).
Values are n (%) or median (interquartile range) unless otherwise indicated.

Abbreviation: COVID-19, coronavirus disease 2019.

Table. The most common presenting symptoms were chest
pain, dyspnea, and fatigue. COVID-19 polymerase chain reac-
tion tests at the time of diagnosis were negative in most of the
cases (6 of 7, 86%), except in 1 patient who had COVID-19 in-
fection 22 days prior to the diagnosis of myocarditis. Serology
testing for COVID-19 was not obtained in any of the patients.
Elevations in inflammatory (C-reactive protein [CRP] and
erythrocyte sedimentation rate [ESR]) and cardiac (troponin
T) markers were typical. For instance, the median CRP was
38.3 mg/L (IQR, 4.4-63.5; reference range, <8.0 mg/L), ESR
was 18 mm/h (IQR, 10.5-29.25; reference range, 2-20 mm/h),
and baseline fifth-generation troponin T was 486.5 (IQR,
222.5-965; reference range, <15 ug/L). N-terminal pro-
hormone B type natriuretic peptide (NT-proBNP) levels were
also elevated in 4 of 5 patients (80%).

Five of 7 patients (71%) had abnormalities noted in the elec-
trocardiogram (ECG), with ST-segment changes being the pre-
dominant finding. ECG changes in combination with elevated
troponin T levels triggered further evaluation for acute coro-
nary syndrome in 3 patients (43%). In this subgroup, 1 patient
underwent a dedicated computerized tomography coronary an-
giogram that revealed normal coronary arteries, and 2 patients
underwent cardiac catheterization that showed angiographi-
cally normal coronary arteries.

An echocardiogram was performed in 5 patients (71%).
Although it is not indicated to make the diagnosis of myo-
carditis, it is helpful for the assessment of ventricular func-
tion and to look for regional wall motion abnormalities,
valve regurgitation, or pericardial effusion. Three patients
(60%) were noted to have reduced left ventricular ejection
fraction; right ventricular dysfunction, albeit mild, was seen
in 3 patients. Cardiac magnetic resonance imaging (MRI)
was obtained in 6 patients (86%). Myocardial delayed en-
hancement was universal. Pericardial involvement was seen
in 3 (50%) patients.

Treatment consisted of a combination of steroids (2 of 7,
29%), nonsteroidal antiinflammatory drugs (NSAIDs; 2 of
7, 29%), and colchicine (5 of 7, 71%), which is known to
modulate multiple antiinflammatory pathways [16]. None
of the patients received intravenous immunoglobulin.
Angiotensin-converting enzyme (ACE) inhibitors and beta
blockers were also prescribed for patients with left ventric-
ular dysfunction. Overall, cases were mild, and there were
no deaths.

Incidence Rate of Myocarditis Following COVID-19 Vaccination

The overall incidence rate of myocarditis among individuals in
the COVID-19 vaccine registry was 55.35 (95% confidence in-
terval [CI], 22.25-114.00) per 100 000 person-years during the
2 weeks following a dose of a COVID-19 mRNA vaccine (Table
2). In the REP population over the prior 5 years, the overall in-
cidence rate of myocarditis was 13.25 (95% CI, 10.60-16.36) per
100 000 person-years. In both populations, incidence rates were
higher in males. The IRR for myocarditis following COVID-
19 mRNA vaccination was increased for males at 6.69 (95% CI,
2.35-15.52), but it was not statistically significant for females at
1.41 (95% CI, .03-8.45).

Table 2. Myocarditis Incidence Rates and Incidence Rate Ratios

Coronavirus Disease 2019 Vaccine
Registry Population

Rochester Epidemiology Project Population IRRs

Incidence Rate

Incidence Rate

Gender per 100 000 Person-Years LoCl,, UpCl,, per 100 000 Person-Years LoCl, UpCl,, IRR LoCl,, UpCl,,
Males 109.52 40.19 238.4 16.37 12.33 213 6.69 2.35 15.62
Females 13.95 3.63 7772 9.9 6.73 14.05 1.41 0.03 8.45
All 5.3 22.25 14 13.25 10.6 16.36 4.18 1.63 8.98

Abbreviations: IRR, incidence rate ratio; LoCl,,, lower limit of the 95th confidence interval; UpCl,,, upper limit of the 95th confidence interval.
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DISCUSSION

Clinical studies have shown an association between SARS-
CoV-2 infection and cardiovascular disease such as myocardial
injury, acute coronary syndrome, and arrhythmias [17-19].
Since the emergence of the SARS-CoV-2 virus, the genomic
sequence and protein structure of the virus have been exten-
sively studied [20, 21]. However, the exact mechanism by which
SARS-CoV-2 leads to myocardial damage has not been elu-
cidated. Some theories include direct damage to the cardiac
myocytes, systemic inflammation, and interferon-mediated im-
mune response, among others [22]. Another postulated mech-
anism is molecular mimicry, whereby a foreign antigen, in this
case moieties or proteins in the SARS-CoV-2 virus, share se-
quence or structural similarities to cardiac proteins, leading to
cross-reaction and inflammation [23-25].

Myocarditis is a consequence of myocardial damage that can
be diagnosed histologically or clinically using a combination of
clinical findings and diagnostic criteria [12, 26]. Most often, it
results from infection caused by viruses; enterovirus and adeno-
virus are classically associated with myocarditis [27]. However,
there is considerable geographic and temporal variation in the
prevalence of these viral infections. Thus, a specific viral eti-
ology for myocarditis may not be identified during the evalu-
ation, and other causes such as bacteria, fungi, drug-induced
hypersensitivity reactions, or autoimmune disorders need to
be considered [28]. There is also a preponderance of males af-
fected, and children may have a more fulminant course [29].

Myocarditis after vaccination was reported following the
live attenuated smallpox vaccine [4]. Recently, myocarditis has
been reported after mRNA COVID-19 vaccination [5-8]. For
instance, a case series noted similar clinical presentations of
post-immunization myocardial and pericardial inflammation
in adolescents after receipt of the Pfizer-BioNTech vaccine [6].
Most of the affected patients were male, as in our case series.
An important distinction in our study is that individuals of
all ages, particularly adults, appeared to be at risk for this rare
complication. Additionally, we found that myocarditis occurred
within several days of COVID-19 vaccination and more often
after receipt of the second dose of the vaccine, either the Pfizer-
BioNTech or Moderna vaccine. Myocarditis has also been as-
sociated with the post-infection hyperinflammatory syndrome,
multisystem inflammatory syndrome in children and adults [30,
31]. Similar to the lack of clarity for the pathogenesis of myo-
carditis caused by SARS-CoV-2, the mechanism of myocarditis
after COVID-19 mRNA vaccination has not been elucidated.

The incidence of myocarditis in the general population re-
mains unknown. For instance, one study found a background
rate of 17 cases per 100 000 person-years among Finnish mili-
tary recruits, which is very similar to our findings in the adult
male population [32]. For purposes of comparing vaccine ad-
verse events to background rates, pericarditis is commonly re-
ported with or without myocarditis [10]. The incidence rates we

observed following COVID-19 mRNA vaccination are signifi-
cantly higher than those previously reported following smallpox
vaccination [32-35]. Montgomery et al recently reported the
incidence of post-immunization myocarditis in a cohort of US
military members [36]. They identified 23 military recruits who
presented with acute chest pain within 4 days after receipt of
a COVID-19 mRNA vaccine. They found that the observed
number of male military members with post-vaccination my-
ocarditis was higher than the expected number using an esti-
mated incidence of 1 to 10 cases per 100 000 person-years in
the United States. Simone et al also evaluated the incidence rate
of myocarditis following COVID-19 mRNA vaccination and
found that the observed incidence was 5.8 cases per 1 million
second doses over a 10-day observation period [37]. The IRR
was 3.3 (95% CI, 1.0-13.7) for the second dose compared with
our IRR of 4.18 (95% CI, 1.63-8.98). Overall, the findings of
both studies are consistent with ours in that males are dispro-
portionally affected, most cases occur after receipt of the second
vaccine dose, and cases are generally mild.

To our knowledge, this is the first case series to estimate a
post-immunization incidence rate of myocarditis in a defined
population of COVID-19 mRNA vaccine recipients, along with
a background rate in a comparable population. This compar-
ison is relevant as it is critical to balance the risk of vaccination
with the risk of no vaccination.

In summary, physicians should consider myocarditis if pa-
tients present with chest pain shortly following a COVID-19
mRNA vaccine. The initial evaluation should include an ECG
and laboratory testing for inflammatory markers and cardiac
enzymes. If these biomarkers are elevated, point-of-care ul-
trasound and/or cardiac MRI in addition to early cardiology
consultation should be considered. In patients at risk for ath-
erosclerotic disease or those with preexisting cardiovascular
disease, further evaluation for acute coronary syndrome is
warranted. In addition to supportive care and NSAIDs, col-
chicine may constitute a low-cost and effective treatment for
myocarditis. In the absence of left ventricular dysfunction,
beta-blockers and ACE inhibitors are unlikely to be benefi-
cial. The clinical course of this condition tends to be mild;
although some patients in our study were hospitalized, they
responded well to medical therapy. All patients survived to
hospital discharge. The long-term sequelae, if any, of post-
immunization myocarditis in this population remains to be
determined.

Our study is subject to some limitations. The vaccine registry
that was used contains patients vaccinated in a single health
system in the upper Midwest, which may limit generaliza-
bility. All reported cases were non-Hispanic Caucasian patients,
which may reflect selection bias due to regional population
demographics. Because cases were identified using diagnostic
codes associated with clinical care, there is a potential bias for
most severe cases who present for clinical care and, therefore,
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the rates may be underestimated. However, this limitation also
applies to the comparison REP population, so the increased
IRR would remain valid. Additionally, the vaccination dates
were chosen to coincide with vaccine availability in individuals
aged >16 years. Thus, this cohort does not include younger ado-
lescents who may experience different incidence rates of post-
immunization myocarditis.

CONCLUSIONS

Myocarditis is a rare adverse event associated with COVID-
19 mRNA vaccines; in adult males, it occurs with significantly
higher incidence than in the background population. Patients
with preexisting cardiovascular disease or prior history of myo-
carditis may be at increased risk for COVID-19 vaccine-related
myocarditis, but more data are needed. The condition is more
often seen after the second dose of the COVID-19 mRNA vac-
cine. Post-immunization myocarditis is relatively straightfor-
ward to diagnose and treat, and the clinical course tends to be
mild in most patients.

As COVID-19 vaccination continues and expands to younger
populations, physicians should remain vigilant and report sus-
pected vaccine adverse events to the CDC through the Vaccine
Adverse Event Reporting System, which has detected safety
signals for this and other vaccine-associated adverse events.
Despite the increased frequency of this rare condition following
COVID-19 vaccination, the benefits of COVID-19 vaccination
far exceed the risk, and vaccination is strongly recommended
by the authors. Vaccination is an effective means to prevent
COVID-19 infection, transmission, and related complications.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.
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