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IMPORTANCE Vaccination against COVID-19 provides clear public health benefits, but
vaccination also carries potential risks. The risks and outcomes of myocarditis after COVID-19
vaccination are unclear.

OBJECTIVE To describe reports of myocarditis and the reporting rates after mRNA-based
COVID-19 vaccination in the US.

DESIGN, SETTING, AND PARTICIPANTS Descriptive study of reports of myocarditis to the

Vaccine Adverse Event Reporting System (VAERS) that occurred after mRNA-based COVID-19
vaccine administration between December 2020 and August 2021in 192 405 448 individuals
older than 12 years of age in the US; data were processed by VAERS as of September 30, 2021.

EXPOSURES Vaccination with BNT162b2 (Pfizer-BioNTech) or mRNA-1273 (Moderna).

MAIN OUTCOMES AND MEASURES Reports of myocarditis to VAERS were adjudicated and
summarized for all age groups. Crude reporting rates were calculated across age and sex
strata. Expected rates of myocarditis by age and sex were calculated using 2017-2019 claims
data. For persons younger than 30 years of age, medical record reviews and clinician
interviews were conducted to describe clinical presentation, diagnostic test results,
treatment, and early outcomes.

RESULTS Among 192 405 448 persons receiving a total of 354 100 845 mRNA-based
COVID-19 vaccines during the study period, there were 1991 reports of myocarditis to VAERS
and 1626 of these reports met the case definition of myocarditis. Of those with myocarditis,
the median age was 21 years (IQR, 16-31 years) and the median time to symptom onset was 2
days (IQR, 1-3 days). Males comprised 82% of the myocarditis cases for whom sex was
reported. The crude reporting rates for cases of myocarditis within 7 days after COVID-19
vaccination exceeded the expected rates of myocarditis across multiple age and sex strata.
The rates of myocarditis were highest after the second vaccination dose in adolescent males
aged 12 to 15 years (70.7 per million doses of the BNT162b2 vaccine), in adolescent males
aged 16 to 17 years (105.9 per million doses of the BNT162b2 vaccine), and in young men aged
18 to 24 years (52.4 and 56.3 per million doses of the BNT162b2 vaccine and the mRNA-1273
vaccine, respectively). There were 826 cases of myocarditis among those younger than 30
years of age who had detailed clinical information available; of these cases, 792 of 809 (98%)
had elevated troponin levels, 569 of 794 (72%) had abnormal electrocardiogram results, and
223 of 312 (72%) had abnormal cardiac magnetic resonance imaging results. Approximately
96% of persons (784/813) were hospitalized and 87% (577/661) of these had resolution of
presenting symptoms by hospital discharge. The most common treatment was nonsteroidal
anti-inflammatory drugs (589/676; 87%).

CONCLUSIONS AND RELEVANCE Based on passive surveillance reporting in the US, the risk of
myocarditis after receiving mRNA-based COVID-19 vaccines was increased across multiple age
and sex strata and was highest after the second vaccination dose in adolescent males and young
men. This risk should be considered in the context of the benefits of COVID-19 vaccination.

JAMA. 2022;327(4):331-340. doi:10.1001/jama.2021.24110

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ by a University of Washington Libraries User on 01/30/2022

Supplemental content

Author Affiliations: US Centers for
Disease Control and Prevention,
Atlanta, Georgia (Oster, Shay, Su,
Gee, Broder, Sperling, Marquez, Strid,
Woo, Pugsley, Reagan-Steiner,
DeStefano, Shimabukuro); School of
Medicine, Emory University, Atlanta,
Georgia (Oster, Sperling); Children's
Healthcare of Atlanta, Atlanta,
Georgia (Oster); Vanderbilt University
Medical Center, Nashville, Tennessee
(Creech, Edwards, Soslow, Dendy);
Cincinnati Children’s Hospital Medical
Center, Cincinnati, Ohio
(Schlaudecker, Lang); Boston Medical
Center, Boston, Massachusetts
(Barnett, Ruberg); Duke University,
Durham, North Carolina (Smith,
Campbell, Lopes); US Food and Drug
Administration, Silver Spring,
Maryland (Baumblatt, Thompson).
Corresponding Author: Matthew E.
Oster, MD, MPH, US Centers for
Disease Control and Prevention,
1600 Clifton Rd, Atlanta, GA 30333
(eocevent416@cdc.gov).

331


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.24110?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.24110
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.24110?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.24110
mailto:eocevent416@cdc.gov

332

Research Original Investigation

yocarditis is an inflammatory condition of the heart

muscle that has a bimodal peak incidence during

infancy and adolescence or young adulthood.™*
The clinical presentation and course of myocarditis is vari-
able, with some patients not requiring treatment and others
experiencing severe heart failure that requires subsequent
heart transplantation or leads to death.> Onset of myocarditis
typically follows an inciting process, often a viral illness;
however, no antecedent cause is identified in many cases.® It
has been hypothesized that vaccination can serve as a trigger
for myocarditis; however, only the smallpox vaccine has pre-
viously been causally associated with myocarditis based on
reports among US military personnel, with cases typically
occurring 7 to 12 days after vaccination.”

With the implementation of a large-scale, national
COVID-19 vaccination program starting in December 2020,
the US Centers for Disease Control and Prevention (CDC)
and the US Food and Drug Administration began monitor-
ing for a number of adverse events of special interest, includ-
ing myocarditis and pericarditis, in the Vaccine Adverse
Event Reporting System (VAERS), a long-standing national
spontaneous reporting (passive surveillance) system.® As the
reports of myocarditis after COVID-19 vaccination were
reported to VAERS, the Clinical Immunization Safety Assess-
ment Project,’ a collaboration between the CDC and medical
research centers, which includes physicians treating infec-
tious diseases and other specialists (eg, cardiologists), con-
sulted on several of the cases. In addition, reports from sev-
eral countries raised concerns that mRNA-based COVID-19
vaccines may be associated with acute myocarditis.'°*>

Given this concern, the aims were to describe reports and
confirmed cases of myocarditis initially reported to VAERS af-
ter mRNA-based COVID-19 vaccination and to provide esti-
mates of the risk of myocarditis after mRNA-based COVID-19
vaccination based on age, sex, and vaccine type.

Methods

Data Sources
VAERS is a US spontaneous reporting (passive surveillance)
system that functions as an early warning system for poten-
tial vaccine adverse events.® Co-administered by the CDC
and the US Food and Drug Administration, VAERS accepts
reports of all adverse events after vaccination from patients,
parents, clinicians, vaccine manufacturers, and others
regardless of whether the events could plausibly be associ-
ated with receipt of the vaccine. Reports to VAERS in-
clude information about the vaccinated person, the vaccine
or vaccines administered, and the adverse events experi-
enced by the vaccinated person. The reports to VAERS are
then reviewed by third-party professional coders who have
been trained in the assignment of Medical Dictionary for
Regulatory Activities preferred terms.'® The coders then
assign appropriate terms based on the information available
in the reports.

This activity was reviewed by the CDC and was con-
ducted to be consistent with applicable federal law and CDC
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Key Points

Question What is the risk of myocarditis after mMRNA-based
COVID-19 vaccination in the US?

Findings In this descriptive study of 1626 cases of myocarditis in

a national passive reporting system, the crude reporting rates
within 7 days after vaccination exceeded the expected rates across
multiple age and sex strata. The rates of myocarditis cases were
highest after the second vaccination dose in adolescent males
aged 12 to 15 years (70.7 per million doses of the BNT162b2
vaccine), in adolescent males aged 16 to 17 years (105.9 per million
doses of the BNT162b2 vaccine), and in young men aged 18 to 24
years (52.4 and 56.3 per million doses of the BNT162b2 vaccine
and the mRNA-1273 vaccine, respectively).

Meaning Based on passive surveillance reporting in the US,

the risk of myocarditis after receiving mRNA-based COVID-19
vaccines was increased across multiple age and sex strata and was
highest after the second vaccination dose in adolescent males
and young men.

policy. The activities herein were confirmed to be nonre-
search under the Common Rule in accordance with institu-
tional procedures and therefore were not subject to institu-
tional review board requirements. Informed consent was not
obtained for this secondary use of existing information; see 45
CFR part 46.102(1)(2), 21 CFR part 56, 42 USC §241(d), 5 USC
§552a, and 44 USC §3501 et seq.

Exposure

The exposure of concern was vaccination with one of the
mRNA-based COVID-19 vaccines: the BNT162b2 vaccine
(Pfizer-BioNTech) or the mRNA-1273 vaccine (Moderna).
During the analytic period, persons aged 12 years or older
were eligible for the BNT162b2 vaccine and persons aged
18 years or older were eligible for the mRNA-1273 vaccine.
The number of COVID-19 vaccine doses administered dur-
ing the analytic period was obtained through the CDC’s
COVID-19 Data Tracker.!”

Outcomes

The primary outcome was the occurrence of myocarditis
and the secondary outcome was pericarditis. Reports to
VAERS with these outcomes were initially characterized
using the Medical Dictionary for Regulatory Activities pre-
ferred terms of myocarditis or pericarditis (specific terms
are listed in the eMethods in the Supplement). After initial
review of reports of myocarditis to VAERS and review of the
patient’s medical records (when available), the reports were
further reviewed by CDC physicians and public health pro-
fessionals to verify that they met the CDC’s case definition
for probable or confirmed myocarditis (descriptions previ-
ously published and included in the eMethods in the
Supplement).'® The CDC’s case definition of probable myo-
carditis requires the presence of new concerning symptomes,
abnormal cardiac test results, and no other identifiable
cause of the symptoms and findings. Confirmed cases of
myocarditis further require histopathological confirmation
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of myocarditis or cardiac magnetic resonance imaging (MRI)
findings consistent with myocarditis.

Deaths were included only if the individual had met the case
definition for confirmed myocarditis and there was no other
identifiable cause of death. Individual cases not involving death
were included only if the person had met the case definition for
probable myocarditis or confirmed myocarditis.

Statistical Analysis

We characterized reports of myocarditis or pericarditis after
COVID-19 vaccination that met the CDC’s case definition
and were received by VAERS between December 14, 2020
(when COVID-19 vaccines were first publicly available in the
US), and August 31, 2021, by age, sex, race, ethnicity, and
vaccine type; data were processed by VAERS as of Septem-
ber 30, 2021. Race and ethnicity were optional fixed catego-
ries available by self-identification at the time of vaccina-
tion or by the individual filing a VAERS report. Race and
ethnicity were included to provide the most complete base-
line description possible for individual reports; however,
further analyses were not stratified by race and ethnicity
due to the high percentage of missing data. Reports of peri-
carditis with evidence of potential myocardial involvement
were included in the review of reports of myocarditis. The
eFigure in the Supplement outlines the categorization of the
reports of myocarditis and pericarditis reviewed.

Further analyses were conducted only for myocarditis
because of the preponderance of those reports to VAERS, in
Clinical Immunization Safety Assessment Project consulta-
tions, and in published articles.'©12:19-21 Crude reporting
rates for myocarditis during a 7-day risk interval were calcu-
lated using the number of reports of myocarditis to VAERS
per million doses of COVID-19 vaccine administered dur-
ing the analytic period and stratified by age, sex, vaccina-
tion dose (first, second, or unknown), and vaccine type.
Expected rates of myocarditis by age and sex were cal-
culated using 2017-2019 data from the IBM MarketScan
Commercial Research Database. This database contains
individual-level, deidentified, inpatient and outpatient
medical and prescription drug claims, and enrollment infor-
mation submitted to IBM Watson Health by large employers
and health plans. The data were accessed using version 4.0
of the IBM MarketScan Treatment Pathways analytic plat-
form. Age- and sex-specific rates were calculated by deter-
mining the number of individuals with myocarditis (Inter-
national Statistical Classification of Diseases and Related
Health Problems, Tenth Revision [ICD-10] codes B33.20,
B33.22, B33.24, 140.0, 140.1, 140.8, 140.9, or 151.4)?2 identi-
fied during an inpatient encounter in 2017-2019 relative
to the number of individuals of similar age and sex who
were continually enrolled during the year in which the
myocarditis-related hospitalization occurred; individuals
with any diagnosis of myocarditis prior to that year were
excluded. Given the limitations of the IBM MarketScan
Commercial Research Database to capture enrollees aged 65
years or older, an expected rate for myocarditis was not cal-
culated for this population. A 95% CI was calculated using
Poisson distribution in SAS version 9.4 (SAS Institute Inc)
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for each expected rate of myocarditis and for each observed
rate in a strata with at least 1 case.

In cases of probable or confirmed myocarditis among those
younger than 30 years of age, their clinical course was then
summarized to the extent possible based on medical review
and clinician interviews. This clinical course included pre-
senting symptoms, diagnostic test results, treatment, and early
outcomes (abstraction form appears in the eMethods in the
Supplement).?3

When applicable, missing data were delineated in the
results or the numbers with complete data were listed. No
assumptions or imputations were made regarding missing
data. Any percentages that were calculated included only
those cases of myocarditis with adequate data to calculate
the percentages.

.|
Results

Case Characteristics

Between December 14, 2020, and August 31, 2021,192 405 448
individuals older than 12 years of age received a total of
354100 845 mRNA-based COVID-19 vaccines. VAERS re-
ceived 1991 reports of myocarditis (391 of which also in-
cluded pericarditis) after receipt of at least 1 dose of mRNA-
based COVID-19 vaccine (eTable 1in the Supplement) and 684
reports of pericarditis without the presence of myocarditis
(eTable 2 in the Supplement).

Of the 1991 reports of myocarditis, 1626 met the CDC’s
case definition for probable or confirmed myocarditis
(Table 1). There were 208 reports that did not meet the
CDC’s case definition for myocarditis and 157 reports
that required more information to perform adjudication
(eTable 3 in the Supplement). Of the 1626 reports that met
the CDC’s case definition for myocarditis, 1195 (73%) were
younger than 30 years of age, 543 (33%) were younger than
18 years of age, and the median age was 21 years (IQR, 16-31
years) (Figure 1). Of the reports of myocarditis with dose
information, 82% (1265/1538) occurred after the second vac-
cination dose. Of those with a reported dose and time to
symptom onset, the median time from vaccination to symp-
tom onset was 3 days (IQR, 1-8 days) after the first vaccina-
tion dose and 74% (187/254) of myocarditis events occurred
within 7 days. After the second vaccination dose, the
median time to symptom onset was 2 days (IQR, 1-3 days)
and 90% (1081/1199) of myocarditis events occurred within
7 days (Figure 2).

Males comprised 82% (1334/1625) of the cases of myo-
carditis for whom sex was reported. The largest proportions
of cases of myocarditis were among White persons (non-
Hispanic or ethnicity not reported; 69% [914/1330]) and His-
panic persons (of all races; 17% [228/1330]). Among persons
younger than 30 years of age, there were no confirmed
cases of myocarditis in those who died after mRNA-based
COVID-19 vaccination without another identifiable cause
and there was 1 probable case of myocarditis but there was
insufficient information available for a thorough investiga-
tion. At the time of data review, there were 2 reports of

JAMA January 25,2022 Volume 327, Number 4

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of Washington Libraries User on 01/30/2022

333


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.24110?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.24110
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.24110?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.24110
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.24110?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.24110
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.24110?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.24110
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.24110?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.24110
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.24110

220Z/0S/TO UD kBsN Salie g1 uolBuluse M Jo A1IS IBAIUN  Ag /Wod™y JomIBUewe [j/:5d1y (W< papeojumoq

‘pantasal SyBU || "UOHBIDOSSY [BOIPSIA UBDLBWY 2202 ©

1433

 J9QUINN 'ZZE BWNIOA  ZZOT 'S¢ Atenuel  YINVF

wod ewwef

Table 1. Characteristics of Reports to VAERS After mRNA-Based COVID-19 Vaccination That Met the CDC's Case Definition for Myocarditis Between December 14, 2020, and August 31, 2021

Vaccination with BNT162b2

Vaccination with mRNA-1273

First dose Second dose Dose unknown First dose Second dose Dose unknown Overall
No. of myocarditis reports to VAERS 147 928 61 126 337 27 1626
No. of vaccination doses administered 114246837 95532396 78158611 66163001 354100845
Age, median (IQR), y 19 (16-37) 18 (16-25) 22 (16-35) 31(23-47) 26 (21-36) 29 (22-39) 21 (16-31)
Time to symptom onset, 3(1-8) 2(2-3) 3(2-4) 3(2-9) 2(1-3) 2 (1-5) 2(1-3)
median (IQR), d
Reported sex, No. (%) (n=147) (n=928) (n=61) (n=125) (n=337) (n=27) (n=1625)
Male 111 (76) 795 (86) 53(87) 89 (71) 265 (79) 21(78) 1334 (82)
Female 36 (24) 133(14) 8(13) 36 (29) 72 (21) 6(22) 291 (18)
Reported race and ethnicity, (n=123) (n=772) (n =40) (n =100) (n=277) (n=18) (n=1330)
No. (%)?
American Indian 1(1) 4(1) 0 1(1) 0 0 6 (<1)
or Alaska Native
Asian 10 (8) 58(8) 1(3) 5(5) 10 (4) 0 84 (6)
Black 11(9) 31(4) 3(8) 5(5) 14 (5) 4(22) 68 (5)
Hispanic 28 (23) 127 (16) 9(23) 23 (23) 36(13) 5(28) 228(17)
Multiple races 1(1) 10 (1) 0 0 5(2) 1(6) 17 (1)
Native Hawaiian 0 5(1) 1(3) 1(1) 0 0 7(Q)
or Pacific Islander
White 72 (59) 531(69) 26 (65) 65 (65) 212 (77) 8 (44) 914 (69)
Other® 0 6(1) 0 0 0 0 6(<1)

Abbreviations: CDC, US Centers for Disease Control and Prevention; VAERS, Vaccine Adverse Event
Reporting System.

@ Categories without ethnicity were either non-Hispanic or had no ethnicity reported.

®Individuals were able to choose this category without further specification.
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death in persons younger than 30 years of age with poten-
tial myocarditis that remain under investigation and are not
included in the case counts.

Reporting Rates of Myocarditis Within 7 Days

After COVID-19 Vaccination

Symptom onset of myocarditis was within 7 days after vacci-
nation for 947 reports of individuals who received the
BNT162b2 vaccine and for 382 reports of individuals who
received the mRNA-1273 vaccine. The rates of myocarditis
varied by vaccine type, sex, age, and first or second vaccina-
tion dose (Table 2). The reporting rates of myocarditis were
highest after the second vaccination dose in adolescent
males aged 12 to 15 years (70.73 [95% CI, 61.68-81.11] per mil-
lion doses of the BNT162b2 vaccine), in adolescent males

i ¢ & o

[ Dose 2
[l Dose 1

aged 16 to 17 years (105.86 [95% CI, 91.65-122.27] per million
doses of the BNT162b2 vaccine), and in young men aged 18 to
24 years (52.43 [95% CI, 45.56-60.33] per million doses of the
BNT162b2 vaccine and 56.31 [95% CI, 47.08-67.34] per mil-
lion doses of the mRNA-1273 vaccine). The lower estimate of
the 95% CI for reporting rates of myocarditis in adolescent
males and young men exceeded the upper bound of the
expected rates after the first vaccination dose with the
BNT162b2 vaccine in those aged 12 to 24 years, after the sec-
ond vaccination dose with the BNT162b2 vaccine in those
aged 12 to 49 years, after the first vaccination dose with the
mRNA-1273 vaccine in those aged 18 to 39 years, and after the
second vaccination dose with the mRNA-1273 vaccine in
those aged 18 to 49 years.

The reporting rates of myocarditis in females were lower
than those in males across all age strata younger than 50
years of age. The reporting rates of myocarditis were highest
after the second vaccination dose in adolescent females aged
12 to 15 years (6.35 [95% CI, 4.05-9.96] per million doses of
the BNT162b2 vaccine), in adolescent females aged 16 to 17
years (10.98 [95% CI, 7.16-16.84] per million doses of the
BNT162b2 vaccine), in young women aged 18 to 24 years
(6.87 [95% CI, 4.27-11.05] per million doses of the mRNA-
1273 vaccine), and in women aged 25 to 29 years (8.22 [95%
CI, 5.03-13.41] per million doses of the mRNA-1273 vaccine).
The lower estimate of the 95% CI for reporting rates of myo-
carditis in females exceeded the upper bound of the expected
rates after the second vaccination dose with the BNT162b2
vaccine in those aged 12 to 29 years and after the second vac-
cination dose with the mRNA-1273 vaccine in those aged 18
to 29 years.
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Age at onset of myocarditis, y
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doses and 95 532 396 second vaccination doses; and for the mRNA-1273 vaccine, there were 78 158 611 and

66163 001, respectively. The y-axis range differs between panels A and B.

Vaccination with mRNA-1273
100+

Age at onset of myocarditis, y

Clinical Course of Myocarditis After COVID-19 Vaccination

in Persons Younger Than 30 Years of Age

Among the 1372 reports of myocarditis in persons younger
than 30 years of age, 1305 were able to be adjudicated, with
92% (1195/1305) meeting the CDC’s case definition. Of these,
chart abstractions or medical interviews were completed for
69% (826/1195) (Table 3). The symptoms commonly reported
in the verified cases of myocarditis in persons younger than
30 years of age included chest pain, pressure, or discomfort
(727/817; 89%) and dyspnea or shortness of breath (242/817;
30%). Troponin levels were elevated in 98% (792/809) of the
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Figure 1. Cases of Myocarditis After mRNA-Based COVID-19 Vaccination by Age at Onset of Myocarditis
The reports to the Vaccine Adverse Event Reporting System met the case definition of myocarditis (reported
cases). Among individuals older than 40 years of age, there were no more than 8 reports of myocarditis for any
individual age after receiving either vaccine. For the BNT162b2 vaccine, there were 114 246 837 first vaccination

[A] Vaccination with BNT162b2
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Figure 2. Cases of Myocarditis After mRNA-Based COVID-19 Vaccination by Time From Vaccination to Symptom Onset

[A] Vaccination with BNT162b2 Vaccination with mRNA-1273
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Time from vaccination to symptom onset, d Time from vaccination to symptom onset, d

The reports to the Vaccine Adverse Event Reporting System met the case
definition of myocarditis (reported cases). Among recipients of either vaccine,
there were only 13 reports or less of myocarditis beyond 10 days for any
individual time from vaccination to symptom onset. The y-axis range differs
between panels A and B.

known date for symptom onset and dose after 114 246 837 first vaccination
doses and 888 reported cases after 95 532 396 second vaccination doses.

B, For the mRNA-1273 vaccine, there were 116 reported cases of myocarditis
with known date for symptom onset and dose after 78 158 611 first vaccination
doses and 311 reported cases after 66 163 001 second vaccination doses.

A, For the BNT162b2 vaccine, there were 138 reported cases of myocarditis with

Table 2. Reports to VAERS After mRNA-Based COVID-19 Vaccination That Met the CDC's Case Definition for Myocarditis Within a 7-Day Risk Interval
per Million Doses of Vaccine Administered

Expected cases
of myocarditis
in a 7-d risk interval

Reported cases of myocarditis within a 7-d risk interval per million doses of vaccine administered (95% CI)?

Vaccination with BNT162b2 Vaccination with mRNA-1273 e e neee
First dose Second dose First dose Second dose (95% CI)©

Males

Age group, y
12-15 7.06 (4.88-10.23) 70.73 (61.68-81.11) 0.53 (0.40-0.70)
16-17 7.26 (4.45-11.86) 105.86 (91.65-122.27) 1.34(1.05-1.72)
18-24 3.82(2.40-6.06) 52.43 (45.56-60.33) 10.73 (7.50-15.34) 56.31 (47.08-67.34) 1.76 (1.58,1.98)
25-29 1.74(0.78-3.87) 17.28 (13.02-22.93) 4.88 (2.70-8.80) 24.18 (17.93-32.61) 1.45(1.21-1.74)
30-39 0.54 (0.20-1.44) 7.10(5.26-9.57) 3.00(1.81-4.97) 7.93(5.61-11.21) 0.63 (0.54.0.73)
40-49 0.55(0.21-1.48) 3.50(2.28-5.36) 0.59(0.19-1.82) 4.27 (2.69-6.78) 0.78 (0.67-0.90)
50-64 0.42(0.17-1.01) 0.68 (0.33-1.43) 0.62(0.28-1.39) 0.85(0.41-1.79) 0.77 (0.68-0.86)
265 0.19 (0.05-0.76) 0.32(0.10-1.00) 0.18(0.05-0.72) 0.51(0.21-1.23)

Females

Age group, y
12-15 0.49 (0.12-1.98) 6.35 (4.05-9.96) 0.17(0.11-0.29)
16-17 0.84(0.21-3.37) 10.98 (7.16-16.84) 0.42 (0.27-0.66)
18-24 0.18 (0.03-1.31) 4.12 (2.60-6.54) 0.96 (0.31-2.96) 6.87 (4.27-11.05) 0.38(0.30-0.49)
25-29 0.26 (0.04-1.84) 2.23(1.07-4.69) 0.41 (0.06-2.94) 8.22(5.03-13.41) 0.48 (0.35-0.65)
30-39 0.72 (0.32-1.60) 1.02 (0.49-2.14) 0.74 (0.28-1.98) 0.68 (0.22-2.10) 0.47 (0.39-0.57)
40-49 0.24 (0.06-0.97) 1.73 (0.98-3.05) 0.18 (0.02-1.25) 1.89(0.98-3.63) 0.89 (0.77-1.04)
50-64 0.37 (0.15-0.88) 0.51(0.23-1.14) 0.65(0.31-1.36) 0.43(0.16-1.15) 1.00(0.89-1.13)
265 0.08 (0.01-0.54) 0.35(0.13-0.92) 0.26 (0.08-0.81)

Abbreviations: CDC, US Centers for Disease Control and Prevention; VAERS,

Vaccine Adverse Event Reporting System.

strata with cases of myocarditis after administration of mMRNA-1273 in those
younger than aged 18 years. The mRNA-1273 vaccine had not been authorized
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2 0f 1453 cases of myocarditis with known vaccination dose and time to for usein the US in this age group.

symptom onset, 1267 had symptom onset within the 7-day risk interval. ¢ Estimated using data from the IBM MarketScan Commercial Research
Database for 2017-2019. Rates were not calculated for those aged 65 years or

older due to the limitations of the database.

®The observed estimates were not calculated for the strata with O cases of
myocarditis. In addition, the observed estimates were not calculated for the

JAMA January 25,2022 Volume 327, Number 4 jama.com

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of Washington Libraries User on 01/30/2022


http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.24110

Myocarditis Cases Reported After mRNA-Based COVID-19 Vaccination in the US From December 2020 to August 2021

Original Investigation Research

Table 3. Symptoms, Treatment, and Outcomes in 826 Patients Younger Than 30 Years of Age

With Myocarditis

Cases of myocarditis,
No./total (%)

Presenting symptoms
Chest pain, pressure, or discomfort
Dyspnea or shortness of breath
Palpitations
Abnormal findings
Elevated troponin level®
Electrocardiogram
Echocardiogram
Decreased LVEF (<50%) on echocardiogram
Cardiac magnetic resonance imaging®
Hospitalized
Treatment
Nonsteroidal anti-inflammatory drugs
Glucocorticoids
Anticoagulant therapy
Antiarrhythmic therapy
Low- or high-flow nasal cannula oxygen support
Diuretics
Intensive therapy
Intravenous immunoglobulin
Vasoactive medications
Intubation or mechanical ventilation
Heart transplant
Extracorporeal membrane oxygenation or ventricular assist device
Outcome among those who were hospitalized
Discharged from the hospital
Still hospitalized at time of review
Died

Resolution of presenting symptoms by hospital discharge

727/817 (89.0)
242/817 (29.6)
65/817 (8.0)

792/809 (97.9)
569/794 (71.7)
123/721 (17.1)
84/721 (11.7)

223/312 (71.5)
784/813 (96.4)

589/676 (87.1)
81/676 (12.0)
54/676 (8.0)
18/676 (2.7)
12/676 (1.8)
11/676 (1.6)

78/676 (11.5)
12/676 (1.8)
2/676 (0.3)

0

0

Abbreviation: LVEF, left ventricular

747/762 (98.0) ejection fraction.

15/762 (2.0) @ Abnormal per the reference range
0 for the hospital or laboratory where

the test was performed.

>77/661 (87.3) b Consistent with myocarditis.

cases of myocarditis. The electrocardiogram result was
abnormal in 72% (569/794) of cases of myocarditis. Of the
patients who had received a cardiac MRI, 72% (223/312) had
abnormal findings consistent with myocarditis. The echo-
cardiogram results were available for 721 cases of myocardi-
tis; of these, 84 (12%) demonstrated a notable decreased left
ventricular ejection fraction (<50%). Among the 676 cases
for whom treatment data were available, 589 (87%) received
nonsteroidal anti-inflammatory drugs. Intravenous immu-
noglobulin and glucocorticoids were each used in 12% of the
cases of myocarditis (78/676 and 81/676, respectively).
Intensive therapies such as vasoactive medications (12 cases
of myocarditis) and intubation or mechanical ventilation
(2 cases) were rare. There were no verified cases of myocar-
ditis requiring a heart transplant, extracorporeal membrane
oxygenation, or a ventricular assist device. Of the 96% (784/
813) of cases of myocarditis who were hospitalized, 98%
(747/762) were discharged from the hospital at time of
review. In 87% (577/661) of discharged cases of myocarditis,
there was resolution of the presenting symptoms by hospi-
tal discharge.

jama.com

|
Discussion

In this review of reports to VAERS between December 2020
and August 2021, myocarditis was identified as a rare but se-
rious adverse event that can occur after mRNA-based COVID-19
vaccination, particularly in adolescent males and young men.
However, this increased risk must be weighed against the ben-
efits of COVID-19 vaccination.'®

Compared with cases of non-vaccine-associated myocar-
ditis, the reports of myocarditis to VAERS after mRNA-based
COVID-19 vaccination were similar in demographic character-
istics but different in their acute clinical course. First, the
greater frequency noted among vaccine recipients aged 12 to
29 years vs those aged 30 years or older was similar to the age
distribution seen in typical cases of myocarditis.?* This pat-
tern may explain why cases of myocarditis were not discov-
ered until months after initial Emergency Use Authorization
of the vaccines in the US (ie, until the vaccines were widely
available to younger persons). Second, the sex distribution in
cases of myocarditis after COVID-19 vaccination was similar

JAMA January 25,2022 Volume 327, Number 4

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of Washington Libraries User on 01/30/2022

337


http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.24110

338

Research Original Investigation

to that seen in typical cases of myocarditis; there is a strong
male predominance for both conditions.?*

However, the onset of myocarditis symptoms after expo-
sure to a potential immunological trigger was shorter for
COVID-19 vaccine-associated cases of myocarditis than is typi-
cal for myocarditis cases diagnosed after a viral illness.?42¢
Cases of myocarditis reported after COVID-19 vaccination were
typically diagnosed within days of vaccination, whereas cases
of typical viral myocarditis can often have indolent courses
with symptoms sometimes present for weeks to months after
a trigger if the cause is ever identified.! The major presenting
symptoms appeared to resolve faster in cases of myocarditis
after COVID-19 vaccination than in typical viral cases of myo-
carditis. Even though almost all individuals with cases of myo-
carditis were hospitalized and clinically monitored, they typi-
cally experienced symptomatic recovery after receiving only
pain management. In contrast, typical viral cases of myocar-
ditis can have a more variable clinical course. For example, up
to 6% of typical viral myocarditis cases in adolescents require
a heart transplant or result in mortality.?”

In the current study, the initial evaluation and treatment
of COVID-19 vaccine-associated myocarditis cases was simi-
lar to that of typical myocarditis cases.?®! Initial evaluation
usually included measurement of troponin level, electrocar-
diography, and echocardiography.' Cardiac MRI was often used
for diagnostic purposes and also for possible prognostic
purposes.>?3* Supportive care was a mainstay of treatment,
with specific cardiac or intensive care therapies as indicated
by the patient’s clinical status.

Long-term outcome data are not yet available for COVID-19
vaccine-associated myocarditis cases. The CDC has started ac-
tive follow-up surveillance in adolescents and young adults to
assess the health and functional status and cardiac outcomes
at 3 to 6 months in probable and confirmed cases of myocar-
ditis reported to VAERS after COVID-19 vaccination.3* For pa-
tients with myocarditis, the American Heart Association and
the American College of Cardiology guidelines advise that pa-
tients should be instructed to refrain from competitive sports
for 3 to 6 months, and that documentation of a normal elec-
trocardiogram result, ambulatory rhythm monitoring, and an
exercise test should be obtained prior to resumption of sports.>*
The use of cardiac MRI is unclear, but it may be useful in evalu-
ating the progression or resolution of myocarditis in those with
abnormalities on the baseline cardiac MRI.3® Further doses of
mRNA-based COVID-19 vaccines should be deferred, but may
be considered in select circumstances.?”
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Limitations

This study has several limitations. First, although clinicians are
required to report serious adverse events after COVID-19 vac-
cination, including all events leading to hospitalization, VAERS
is a passive reporting system. As such, the reports of myocar-
ditis to VAERS may be incomplete, and the quality of the in-
formation reported is variable. Missing data for sex, vaccina-
tion dose number, and race and ethnicity were not uncommon
in the reports received; history of prior SARS-CoV-2 infection
also was not known. Furthermore, as a passive system, VAERS
data are subject to reporting biases in that both underreport-
ing and overreporting are possible.>® Given the high verifica-
tion rate of reports of myocarditis to VAERS after mRNA-
based COVID-19 vaccination, underreporting is more likely.
Therefore, the actual rates of myocarditis per million doses of
vaccine are likely higher than estimated.

Second, efforts by CDC investigators to obtain medical
records or interview physicians were not always successful
despite the special allowance for sharing information with
the CDC under the Health Insurance Portability and Account-
ability Act of 1996.%° This challenge limited the ability to per-
form case adjudication and complete investigations for some
reports of myocarditis, although efforts are still ongoing
when feasible.

Third, the data from vaccination administration were lim-
ited to what is reported to the CDC and thus may be incom-
plete, particularly with regard to demographics.

Fourth, calculation of expected rates from the IBM
MarketScan Commercial Research Database relied on admin-
istrative data via the use of ICD-10 codes and there was no op-
portunity for clinical review. Furthermore, these data had lim-
ited information regarding the Medicare population; thus
expected rates for those older than 65 years of age were not
calculated. However, it is expected that the rates in those older
than 65 years of age would not be higher than the rates in those
aged 50 to 64 years.*
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Conclusions

Based on passive surveillance reporting in the US, the risk of
myocarditis after receiving mRNA-based COVID-19 vaccines
was increased across multiple age and sex strata and was high-
est after the second vaccination dose in adolescent males and
young men. This risk should be considered in the context of
the benefits of COVID-19 vaccination.
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