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Two reports in the current issue of JAMA Cardiology
describe cases of acute myocarditis that occurred among
persons who received the BNT162b2-mRNA (Pfizer-

BioNTech) or mRNA-1273
(Moderna) messenger RNA
(mRNA)–based COVID-19
vaccines authorized for use
in the US.1,2 During the clini-
c al evaluations of these
patients, alternative etiolo-

gies for myocarditis were not detected.
The first report describes 4 cases of myocarditis with symp-

tom onset 1 to 5 days after receipt of a second dose of mRNA-
based COVID-19 vaccine (2 receiving the BNT162b2-mRNA vac-
cine and 2 receiving the mRNA-1273 vaccine) who were
evaluated in a single tertiary care medical center (Duke Uni-
versity Medical Center) that attempted to define its catch-
ment population.1 Three cases occurred in men aged 23 to 36
years and the fourth in a 70-year-old woman; details about the
medical history of the fourth patient were not provided, but
she received coronary angiography during her evaluation and
no atherosclerosis was found. All presented with severe acute
chest pain, had abnormal electrocardiogram results, and had
evidence of myocardial injury demonstrated by elevated tro-
ponin levels. Cardiac magnetic resonance imaging was per-
formed in these 4 patients on days 3 through 5 after vaccine
receipt, and the findings were consistent with acute myocar-
ditis as defined by recent expert consensus guidelines.3

The second, larger case report comes from the US
Military Health System and describes 23 individuals with acute
myocarditis who presented within 4 days after mRNA-based
COVID-19 vaccination.2 All patients were male, 22 of 23 were
on active duty, and the median (range) age was 25 (20-51) years;
20 cases occurred after receipt of a second dose of an mRNA-
based COVID-19 vaccine. Clinical presentations and labora-
tory findings were similar to those described in the smaller case
series1; 8 of 23 patients in this series received cardiac mag-
netic resonance imaging, and all 8 demonstrated findings again
consistent with acute myocarditis.2

A separate case report published by Marshall et al4 pro-
vides additional context in a younger population. They re-
port 7 US male adolescents aged 14 to 19 years who presented
with myocarditis or myopericarditis within 4 days after re-
ceipt of a second dose of the BNT162b2-mRNA COVID-19
vaccine.4 These adolescents were found to have elevated tro-
ponin levels, abnormal electrocardiogram results, and find-
ings on cardiac magnetic resonance imaging consistent with
acute myocarditis.

Although the extent of the search for alternative etiolo-
gies for acute myocarditis varied for each patient in these 3
reports,1,2,4 no evidence of common causes of acute myocar-
dial injury in healthy persons was found, and findings of
tests for enterovirus and adenovirus infection were negative.
The striking clinical similarities in the presentations of these
patients, their recent vaccination with an mRNA-based
COVID-19 vaccine, and the lack of any alternative etiologies
for acute myocarditis suggest an association with immuniza-
tion. Myocarditis or pericarditis were not detected in the
clinical trials for these vaccines; however, it is possible that
any association is too rare for recognition in a clinical trial
enrolling less than several hundred thousand participants.
The patients described in these US-based case series had
resolution of symptoms or are recovering after receipt of brief
supportive care and continue to be monitored during recov-
ery from the acute illness.

What do we know about this possible association be-
tween myocarditis and immunization with mRNA-based
COVID-19 vaccines, and what remains unclear? Acute onset of
chest pain 3 to 5 days after vaccine administration, usually af-
ter a second dose, is a typical feature of reported cases and sug-
gests an immune-mediated mechanism.5 Myocarditis follow-
ing receipt of other vaccines is rare and is recognized as causally
linked only with smallpox immunization.6 For example, myo-
pericarditis has been reported in healthy adults after receipt
of replication-competent live vaccinia virus vaccines.7 These
highly reactogenic smallpox vaccines differ dramatically by
composition and by immunologic responses compared with
the mRNA-based lipid nanoparticle vaccines currently in use
for prevention of COVID-19. We do not know the specific
mechanisms by which immunologic responses to mRNA-
based COVID-19 vaccines could lead to myocarditis. Further
investigation is critical and should be informed by the fact that
most cases occurred following the second dose of a 2-dose
series, some in patients with a history of prior COVID-19 in-
fection. We know that infection with SARS-CoV-2 can result
in acute cardiac compromise in substantial proportions of hos-
pitalized patients and that it might lead to cardiac magnetic
imaging findings suggestive of myocarditis in competitive
college athletes with evidence of COVID-19, although the
mechanisms that could lead to either direct SARS-CoV-2 viral
injury or immunopathologic injury of myocardial tissues are
unclear and under active investigation.8

None of the US case series reports are population based,1,2,4

and therefore, estimating rates of myocarditis following
COVID-19 vaccination is problematic. However, based on data
available to date, we can say that myocarditis occurring after
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COVID-19 immunization is rare. Kim et al1 estimated that more
than 560 000 persons in the 6 counties surrounding their ter-
tiary care institution had received 2 doses of an mRNA-based
COVID-19 vaccine by April 30, 2021; they detected 4 myocar-
ditis cases by that date.1 The Military Health System admin-
istered more than 2.8 million doses of mRNA-based vaccines
through April 30, 2021, and detected 23 myocarditis cases.2

Based on the military’s extensive experience with vaccinia-
associated myocarditis,9 it is possible that the military sys-
tem may be more likely to detect mild myocarditis cases than
most civilian medical centers. Among the 436 000 male active-
duty military who have received 2 mRNA vaccine doses,
Montgomery et al2 estimated that 0 to 8 cases of myocarditis
might be expected based on US data on the background inci-
dence rate of myocarditis, whereas they detected 19 myocar-
ditis cases in that group.2 The most comprehensive data about
the risk of myocarditis following immunization with mRNA
vaccines comes from Israel. The Israeli Ministry of Health re-
cently posted data describing 121 myocarditis cases occurring
within 30 days of a second dose of mRNA vaccine among
5 049 424 persons, suggesting a crude incidence rate of ap-
proximately 24 cases per million following a second dose in
this subset of their vaccinated population.10

While more definitive data on the incidence of myocardi-
tis following immunization with mRNA COVID-19 vaccines and
associated risk will eventually be provided by large population-
based vaccine adverse event monitoring systems, including the
US Centers for Disease Control and Prevention Vaccine Safety
Datalink,11 several interim conclusions can be offered. Car-
diac injury after SARS-CoV-2 infection occurs and may result
in severe outcomes.8 Based on currently available data, myo-
carditis following immunization with current mRNA-based
vaccines is rare. All possible myocarditis cases should be re-
ported to the US Vaccine Adverse Events Reporting System to
help better define the characteristics of this syndrome and its

relationship to receipt of mRNA-based COVID-19 vaccines au-
thorized for use in the US. At present, the benefits of immu-
nization in preventing severe morbidity favors continued
COVID-19 vaccination, particularly considering the increas-
ing COVID-19 hospitalization rates among adolescents re-
ported during spring 2021.12 Many questions remain. What
modifications to the vaccine schedule, if any, should be con-
sidered among persons with a history of possible or con-
firmed myocarditis after a first dose of COVID-19 vaccine? How
should postvaccine myocarditis be managed, particularly given
the apparently benign outcomes described thus far and the suc-
cess of supportive or conservative management alone? How
often should follow-up assessments, including repeated car-
diac imaging, be performed in these patients, and how might
follow-up assessments affect recommendations to avoid vig-
orous physical activity following the diagnosis of myocardi-
tis? Do all likely cases of acute myocarditis that appear to be
uncomplicated require cardiac magnetic resonance imaging for
more definitive diagnosis? While the data needed to answer
such questions are being collected, there is an opportunity for
researchers with expertise in myocarditis to develop a com-
prehensive, national assessment of the natural history, patho-
genesis, and treatment of acute myocarditis associated with
receipt of mRNA-based COVID-19 vaccines.

Finally, the Centers for Disease Control and Prevention
Advisory Committee on Immunization Practices held a pub-
lic meeting from June 23 to 25, 2021. On June 23, the commit-
tee heard presentations about the epidemiology of myocardi-
tis and pericarditis, an update on COVID-19 vaccine safety,
including myocarditis following receipt of mRNA-based
COVID-19 vaccines, and a benefit-risk assessment of COVID-19
mRNA vaccination programs in adolescents and young adults.
Advisory Committee on Immunization Practices discussions
and recommendations are summarized on the Centers for
Disease Control and Prevention website.13
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Temporal Associations Between Immunization With the COVID-19
mRNA Vaccines and Myocarditis
The Vaccine Safety Surveillance System Is Working
Ann Marie Navar, MD, PhD; Elizabeth McNally, MD, PhD; Clyde W. Yancy, MD, MSc;
Patrick T. O’Gara, MD; Robert O. Bonow, MD, MS

Prior reports of adverse events following immunization for
measles, mumps, and rubella, later deemed unsubstanti-
ated, raised significant public alarm and led to vaccine resis-

tance—an effect that lingers to
this day. In light of this legacy,
as well as ongoing fears re-
lated to vaccination leading to
variable uptake, especially in
populations at higher risk for
COVID-19, the editorial deci-

sion to publish 2 articles reporting the association of myocar-
ditis following COVID-19 messenger RNA (mRNA) vaccina-
tion was not taken lightly.1,2

The 2 case series by Montgomery and coworkers1 and Kim
and coworkers2 in the current issue of JAMA Cardiology de-
scribe a temporal association between myocarditis and vac-
cination against SARS-CoV-2 with the Pfizer-BioNTech and
Moderna mRNA vaccines. This temporal association does not
establish causality, especially because a myocarditis-like
syndrome has been seen following SARS-CoV-2 infection.
Rather, these case series highlight the need for additional sur-
veillance and investigation.

The editors recognize that publication of these data may con-
tribute to additional public concern regarding immunization be-
cause reports of myocarditis following COVID-19 mRNA vacci-
nation have already been reported in the news3 and in peer-
reviewedpublications.4 Furthermore,concernsregardingvaccine
safety are the most common reason cited for lack of vaccination.5

However, as highlighted in the accompanying Editorial from im-
munization safety experts at the US Centers for Disease Control
and Prevention (CDC),6 clinicians discussing immunization with
patients should recognize that these case series suggest that the
symptomaticeventsconsistentwithmyocarditisarestillveryrare
and appear to be self-limiting. Given the risks of COVID-19, in-
cluding the risk of myocarditis from COVID-19 infection, the edi-
tors do not believe these case reports are sufficient to interrupt
the march toward maximal vaccination against SARS-CoV-2 as
expeditiously as possible.

Importantly, we endorse a different perspective: these data
are exemplary of a successful formal and informal vaccine

surveillance system, a system about which most of our read-
ers may be unaware. Phase 3 clinical trials of vaccine efficacy
and safety are able to detect common adverse effects but are
not powered to detect more rare events, and it is noteworthy
that myocarditis was not reported in the trials of the mRNA
vaccines.7-9 A well-developed multipronged postmarketing sur-
veillance system monitors vaccine safety after approval and
is designed to detect extremely rare events that occur in less
than 1 in 1 million vaccinees. This system includes the
Vaccine Adverse Events Reporting System, a voluntary and eas-
ily accessible reporting system that archives possible vaccine
adverse effects10; the Vaccine Safety Datalink, a hospital net-
work designed to evaluate for increases in background rates
of certain possible events11; and the Clinical Immunization
Safety Assessment Project, in which the CDC partners with 7
medical research centers to leverage expertise in vaccine
safety.12 For COVID-19 vaccines, the CDC also set up the
v-safe system, which is offered to vaccine recipients and
uses a smartphone app to collect symptoms following
immunization.13 In addition, medical researchers across the
country, including those highlighted in the Brief Reports pub-
lished in JAMA Cardiology,1,2 form an informal network of vac-
cine safety surveillance capable of detecting potential clus-
ters of events for further investigation. Increased engagement
with this system by the public will help provide continued criti-
cal data for vaccine safety monitoring. In short, a web of safety
and surveillance supports vaccine administration, and based
on these case reports, that system is working.

Persons with cardiovascular disease are at high risk of com-
plications from COVID-19, and physicians caring for these pa-
tients should encourage immunization and help guide pa-
tients in their decision-making. In one study, 66% of older
adults reported that they would talk to their health care
professional first before making a decision regarding
immunization.14 In addition to discussing the risks of COVID-19
infection and the efficacy of vaccines, physicians should iden-
tify patient concerns regarding vaccine safety and be pre-
pared to discuss these risks with patients.

The rarity of these events, including the identified link
between the even rarer cerebral venous sinus thrombosis
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