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BACKGROUND Postmarketing evaluations have linked myocarditis to COVID-19 mRNA vaccines. However, few

population-based analyses have directly compared the safety of the 2 mRNA COVID-19 vaccines.

OBJECTIVES This study aimed to compare the risk of myocarditis, pericarditis, and myopericarditis between BNT162b2

and mRNA-1273.

METHODS We used data from the British Columbia COVID-19 Cohort (BCC19C), a population-based cohort study. The

exposure was the second dose of an mRNA vaccine. The outcome was diagnosis of myocarditis, pericarditis, or myo-

pericarditis during a hospitalization or an emergency department visit within 21 days of the second vaccination dose. We

performed multivariable logistic regression to assess the association between vaccine product and the outcomes of

interest.

RESULTS The rates of myocarditis and pericarditis per million second doses were higher for mRNA-1273 (n ¼ 31, rate

35.6; 95% CI: 24.1-50.5; and n ¼ 20, rate 22.9; 95% CI: 14.0-35.4, respectively) than BNT162b2 (n ¼ 28, rate 12.6;

95% CI: 8.4-18.2 and n ¼ 21, rate 9.4; 95% CI: 5.8-14.4, respectively). mRNA-1273 vs BNT162b2 had significantly higher

odds of myocarditis (adjusted OR [aOR]: 2.78; 95% CI: 1.67-4.62), pericarditis (aOR: 2.42; 95% CI: 1.31-4.46) and

myopericarditis (aOR: 2.63; 95% CI: 1.76-3.93). The association between mRNA-1273 and myocarditis was stronger for

men (aOR: 3.21; 95% CI: 1.77-5.83) and younger age group (18-39 years; aOR: 5.09; 95% CI: 2.68-9.66).

CONCLUSIONS Myocarditis/pericarditis following mRNA COVID-19 vaccines is rare, but we observed a 2- to 3-fold

higher odds among individuals who received mRNA-1273 vs BNT162b2. The rate of myocarditis following mRNA-1273

receipt is highest among younger men (age 18-39 years) and does not seem to be present at older ages. Our findings may

have policy implications regarding the choice of vaccine offered. (J Am Coll Cardiol 2022;80:1900–1908)
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AB BR E V I A T I O N S

AND ACRONYM S

ICD = International

Classification of Disease

mRNA = messenger

ribonucleic acid
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I n December 2020, 2 messenger ribonucleic acid
(mRNA) vaccines, Pfizer BioNTech (BNT162b2)
and Moderna Spikevax (mRNA-1273) obtained

market authorization in Canada under the Interim Or-
der respecting the importation, sale, and advertising
of drugs for use in relation to COVID-19.1,2 As of March
20, 2022, more than 52 million doses of BNT162b2 and
22 million doses of mRNA-1273 had been adminis-
tered in Canada. Specifically, in the province of
British Columbia, 38% of the population has received
BNT162b2, and 15% have been vaccinated with
mRNA-1273 (at least 2 doses of the same product).3
SEE PAGE 1909
Prelicensure randomized phase 3 clinical trials
evaluating the mRNA COVID-19 vaccines demon-
strated an acceptable safety profile,4,5 and post-
authorization monitoring in large heterogeneous
populations has found most adverse events to be mild
and short in duration.6 However, certain rare but
potentially severe effects such as myopericarditis
have been observed. As of March 18, 2022, a total of
1,933 postvaccination cases of myocarditis/pericar-
ditis had been reported in Canada.7 Studies suggest
that the rate of myocarditis/pericarditis following
mRNA vaccination is higher than expected, particu-
larly among younger men following a second dose of
an mRNA vaccine.8-13 Although this finding has been
observed for both mRNA vaccines, there appears to be
a higher risk following a second dose of mRNA-1273.13

Few population-based analyses have been con-
ducted to directly compare the safety of the 2 mRNA
COVID-19 vaccines, which differ in important ways
that could impact safety (eg, dose). Instead, the ma-
jority of evidence originates from indirect compari-
sons within epidemiological studies, which can be
confounded by factors such as differential uptake of
the vaccines. Comparative analyses are needed to
inform decisions related to vaccine rollout and future
booster doses. The primary aim of this study was to
compare the risk of myocarditis, pericarditis, and
myopericarditis between the BNT162b2 and mRNA-
1273.

METHODS

DATA SOURCE. We conducted a population-based
cohort study using data from the British Columbia
COVID-19 Cohort (BCC19C). The BCC19C integrates
COVID-19 data sets (laboratory testing, case surveil-
lance, provincial immunization registry, hospitaliza-
tions) with administrative health data holdings for
the British Columbia population (medical visits, hos-
pital admissions, emergency department visits,
chronic conditions, dispensations, mortality,
among others) (Supplemental Table 1). The
BCC19C was established as a public health
surveillance system under the British
Columbia Centre for Disease Control’s public
health mandate. This study was reviewed and
approved by the Behavioural Research Ethics

Board at the University of British Columbia (approval
# H20-02097).

STUDY POPULATION. We studied individuals aged $18
years with a record of a second mRNA vaccination
dose (BNT162b2 or mRNA-1273) following receipt of
the first dose of an mRNA vaccine in the PIR (Pro-
vincial Immunization Registry) between January 1,
2021, and September 9, 2021. PIR is integrated into the
BCC19C and includes records of all COVID-19 vaccines
administered in British Columbia and some immuni-
zations administered outside of British Columbia. We
excluded individuals whose first or second vaccine
dose was administered outside of British Columbia, as
well as those with a history of myocarditis or peri-
carditis (depending on outcome assessed) within 1
year before the second dose.

SARS-CoV-2 VACCINATION. The primary exposure
was a second dose of an mRNA vaccine (BNT162b2 or
mRNA-1273).

MYOCARDITIS AND PERICARDITIS. The outcomes of
interest were diagnosis of myocarditis, pericarditis,
and myopericarditis during a hospitalization or
emergency department visit within 21 days following
the second dose of an mRNA vaccine. Outcomes were
assessed using International Classification of
Diseases-10th Revision (ICD-10) codes. Myocarditis
codes included I40.1 (isolated myocarditis), I40.8
(other acute myocarditis), I40.9 (acute myocarditis,
unspecified), and I51.4 (myocarditis unspecified), and
pericarditis codes included I30.0 (acute nonspecific
idiopathic pericarditis), I30.8 (other forms of acute
pericarditis), and I30.9 (acute pericarditis, unspeci-
fied).14 Myopericarditis was defined as any myocar-
ditis or pericarditis ICD-10 code. For the cases
identified through ICD-10 codes, a crosscheck was
conducted using the Provincial Laboratory Informa-
tion Solution data to determine if they were tested for
at least 1 type of troponin within 30 days after
their relevant vaccination dose. To be more specific
with the outcome definition, a sensitivity analysis
was conducted using a 7-days postvaccination
risk period.

COVARIATES. Covariates ascertained for participants
included sex, age, the interval between the 2 mRNA
vaccine doses (categorized as #30, 31-55,
and $56 days), calendar time of vaccine dose

https://doi.org/10.1016/j.jacc.2022.08.799


FIGURE 1 Myocarditis Study Population and Participant Enrollment Flowchart

Participants aged ≥18 years, received 2nd dose of mRNA COVID
vaccination between Dec 15, 2020, and Sept 9, 2021

(n = 3,204,555)

Administered out of BC either first
dose or second dose (n = 109,012)
Had myocarditis history within 1
year before vaccination (n = 129).
Among these, 1 individual had post-
vaccination event

•

•

Exclusion Criteria

Fulfilled the eligibility criteria (n = 3,095,414)

Received BNT162b2 (n = 2,223,454) Received mRNA-1273 (n = 871,960)

Developed
myocarditis

within 21 days
postvaccination

(n = 28)

Did not develop
myocarditis

within 21 days
postvaccination
(n = 2,223,426)

Developed
myocarditis

within 21 days
postvaccination

(n = 31)

Did not develop
myocarditis

within 21 days
postvaccination
(n = 871,929)

Individuals aged $18 years with a record of a second messenger RNA (mRNA) vaccination dose (BNT162b2 or mRNA-1273) following receipt of the first dose of an

mRNA vaccine in the Provincial Immunization Registry (PIR) between January 1, 2021, and September 9, 2021, were eligible for participation. Individuals with any

vaccine dose administered outside of British Columbia (BC) and with a history of myocarditis within 1 year before the second dose were excluded. An occurrence of

myocarditis within 7 and 21 days after second dose of vaccine was recorded as an event.
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(month), history of SARS-CoV-2 infection, and a range
of comorbidities. Given the small number of events,
age was categorized as 18-39 and $40 years for
modeling. Comorbidities were assessed separately for
descriptive purposes and combined into an aggregate
binary variable indicating any history of any comor-
bidity for modeling. More information on covariate
measurement can be found in Supplemental Table 2.
STATISTICAL METHODS. Chi-square/Fisher exact or
2-sample Student’s t-tests were applied to test base-
line differences between individuals by exposure
(type of mRNA vaccine) and outcome (with and
without myocarditis/pericarditis). A cumulative
incidence curve for myocarditis events in
21 days following the receipt of the second mRNA
vaccine dose was generated through the Kaplan-
Meier method.

We conducted multivariable logistic regression
models to assess the association between vaccine
product and our outcomes of interest (myocarditis,
pericarditis, myopericarditis). Separate models were
run for each outcome. Akaike Information Criterion
was used to select covariates. The final model was
adjusted for sex, age, and history of comorbidities.
Based on findings from the previous studies, history
of SARS-CoV-2 infection and calendar month/year of
vaccination were also added to the multivariable an-
alyses in a stepwise approach. However, both vari-
ables were excluded from the final model because
they had no effect on the direction or strength of the

https://doi.org/10.1016/j.jacc.2022.08.799


TABLE 1 Baseline Characteristics of Participants for Myocarditis Analyses by

Vaccine Product

BNT162b2
(n ¼ 2,223,454)

mRNA-1273
(n ¼ 871,960)

Standardized
Mean

Difference

Dose interval, da 64.0 (57.0, 76.0) 62.0 (54.0, 73.0) 0.160

Age, y 50.0 (34.0, 67.0) 51.0 (34.0, 66.0) 0.002

Age category, y 0.035

18-29 397,586 (17.8) 147,176 (16.8)

30-39 370,445 (16.6) 146,034 (16.7)

40-49 318,242 (14.3) 119,955 (13.7)

$50 1,137,181 (51.1) 458,795 (52.6)

Sex 0.058

Male 1,028,494 (46.3) 428,691 (49.2)

Female 1,194,960 (53.7) 443,269 (50.8)

Comorbidities

Alzheimer’s/dementia 24,966 (1.1) 9,351 (1.1) 0.005

Anxiety 758,386 (34.1) 294,790 (33.8) 0.006

Schizophrenia 20,843 (0.9) 8,288 (0.9) 0.001

Depression 619,867 (27.9) 242,067 (27.8) 0.003

Ischemic heart disease 173,739 (7.8) 64,565 (7.4) 0.015

Heart failure 54,328 (2.4) 20,051 (2.3) 0.009

Hypertension 552,464 (24.8) 211,275 (24.2) 0.014

Asthma 271,995 (12.2) 104,078 (11.9) 0.009

Chronic obstructive pulmonary disease 86,349 (3.9) 35,126 (4.0) 0.007

Chronic kidney disease 89,936 (4.0) 32,018 (3.7) 0.019

Diabetes 247,959 (11.1) 96,763 (11.1) 0.002

Gout 70,297 (3.2) 27,153 (3.1) 0.003

Hemorrhagic stroke 4,183 (0.2) 1,669 (0.2) 0.001

Ischemic stroke 14,799 (0.7) 5,633 (0.6) 0.002

Epilepsy 19,853 (0.9) 8,187 (0.9) 0.005

Multiple sclerosis 5,701 (0.3) 2,400 (0.3) 0.004

Osteoarthritis 274,923 (12.4) 107,843 (12.4) <0.001

Osteoporosis 113,350 (5.1) 36,725 (4.2) 0.042

Rheumatoid arthritis 35,451 (1.6) 13,799 (1.6) 0.001

Injection drug use 59,031 (2.6) 24,569 (2.8) 0.010

Alcohol misuse 73,168 (3.3) 33,705 (3.9) 0.031

Cirrhosis 10,287 (0.5) 4,575 (0.5) 0.009

Cancer 370,406 (16.7) 135,703 (15.6) 0.030

Immunosuppression 46,003 (2.1) 16,271 (1.9) 0.015

Any comorbidity 1,401,266 (63.0) 543,098 (62.3) 0.015

Prevaccination SARS-CoV-2 infection 61,392 (2.8) 23,414 (2.7) 0.005

Values are median (Q1, Q3) or n (%). aInterval between 2 vaccine doses in days.
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measure of association for the primary exposure
variable.15,16

In addition to an overall model, we also ran
adjusted models with interaction terms between pri-
mary exposure (type of mRNA vaccine) and cova-
riates, including age and sex, to assess the association
of interest at different levels of the covariates.
A separate model was conducted for each interaction
term. Furthermore, in a subanalysis, we used logistic
regression to examine the association between any
dose of the mRNA vaccine and myocarditis/pericar-
ditis/myopericarditis.

SAS software version 9.4 (SAS Institute) and R
statistical software version 3.6.2 (R Foundation for
Statistical Computing) were used to perform the
analyses.

RESULTS

STUDY PARTICIPANTS. A total of 3,204,555 in-
dividuals received 2 doses of an mRNA vaccine
(Figure 1). Of these, 109,012 (3.4%) received 1 or more
of their doses outside of British Columbia and were
excluded. A total of 129, 369, and 488 individuals
were excluded from the myocarditis (Figure 1), peri-
carditis (Supplemental Figure 1), and myopericarditis
(Supplemental Figure 2) analyses, respectively,
because the respective outcome was observed in the
year before vaccination. In all analyses, the majority
of second doses were BNT162b2 (75%), and the
remainder were mRNA-1273 (25%).

Characteristics of the participants by the second
dose of mRNA vaccine for myocarditis analysis are
presented in Table 1. The characteristics of the par-
ticipants by the second dose of mRNA for pericarditis
and myopericarditis analysis are given in
Supplemental Tables 3 and 4. The median age of the 2
groups was similar at 50 years (IQR: 34-66 years) for
BNT162b2 and 51 years (IQR: 34-67 years) for mRNA-
1273. The median time between administration of
the first and second dose was also similar: 64 days
(IQR: 57-76 days) for BNT162b2 and 62 days (IQR: 54-
73 days) for mRNA-1273. A slightly higher percentage
of BNT162b2 recipients were women (53.2%)
compared with mRNA-1273 recipients (49.5%). The
distribution of comorbidities was similar by mRNA
vaccine type.

MYOCARDITIS, PERICARDITIS, AND MYOPERICARDITIS.

In the 21 days following the second dose of mRNA
vaccine, a total of 59 myocarditis (28 BNT162b2, 31
mRNA-1273) and 41 pericarditis (21 BNT162b2, 20
mRNA-1273) events were observed. A total of
2,223,454 second BNT162b2 doses and 871,960 second
mRNA-1273 doses were administered over the study
period. Although numbers of myocarditis and peri-
carditis events were 31 and 20, respectively, for
mRNA-1273 and 28 and 21, respectively, for BNT162b2
recipients, the rate per million doses was higher for
mRNA-1273 (35.6; 95% CI: 24.1-50.5 and 22.9; 95% CI:
14.0-35.4, respectively) than BNT162b2 (12.6; 95% CI:
8.4-18.2 and 9.4; 95% CI: 5.8-14.4, respectively)
(Table 2 and Supplemental Tables 5 and 6). The cu-
mulative incident plot (Figure 2) shows a rapid rise in
incident myocarditis within the first 7 to 10 days after
second vaccination dose for both mRNA vaccines with
a comparatively much higher rate for mRNA-1273.
Rates of outcomes for both vaccine types were

https://doi.org/10.1016/j.jacc.2022.08.799
https://doi.org/10.1016/j.jacc.2022.08.799
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TABLE 2 Myocarditis Events 21 Days After Second Dose and Rate/Million Doses by Vaccine Product, Sex, and Age

Pfizer Moderna

Total Men Women Total Men Women

N Rate (95% CI) n Rate (95% CI) n Rate (95% CI) N Rate (95% CI) n Rate (95% CI) n Rate (95% CI)

Total 28 12.59 (8.37-18.20) 19 18.47 (11.12-28.85) 9 7.53 (3.44-14.29) 31 35.55 (24.15-50.46) 25 58.32 (37.74-86.08) 6 13.53 (4.96-29.46)

Age, y

18-29 12 30.18 (15.59-52.72) 11 58.05 (28.98-103.87) 1 4.80 (0.12-26.77) 22 149.48 (93.67-226.31) 20 269.57 (164.66-416.33) 2 27.40 (3.32-98.98)

30-39 2 5.39 (0.65-19.50) 2 11.39 (1.38-41.15) 0 0 (—) 6 41.08 (15.07-89.42) 4 53.90 (14.68-138.01) 2 27.84 (3.37-100.58)

40-49 3 9.43 (1.94-27.55) 2 13.79 (1.67-49.83) 1 5.77 (1.38-41.15) 1 8.33 (0.21-46.44) 1 16.84 (0.42-93.82) 0 0 (—)

$50 11 9.67 (4.83-17.31) 4 7.71 (2.10-19.75) 7 11.31 (4.55-23.31) 2 4.36 (0.52-15.74) 0 0 (—) 2 8.41 (1.02-30.37)
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higher for men compared with women and were
highest in the age 18 to 29 years category. Rates were
higher for mRNA-1273 (compared with BNT162b2) for
both men and women and in the age 18 to 29 and 30 to
39 years categories. The highest rates per million
doses were observed among men aged 18 to 29 years
following a second dose of mRNA-1273 compared with
BNT162b2 (269.6 vs 58.1).

In the adjusted multivariable logistic regression
models (Table 3), compared with BNT162b2, mRNA-
1273 was associated with more than 2-fold higher
odds of myocarditis (adjusted OR [aOR]: 2.78; 95% CI:
1.67-4.62), pericarditis (aOR: 2.42; 95% CI: 1.31-4.46),
and myopericarditis (aOR: 2.63; 95% CI: 1.76-3.93).
FIGURE 2 Cumulative Incidence Plots for Myocarditis 21 Days Follow
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BNT162b2 recipients.
The models were adjusted for age, sex, and any co-
morbidity. Based on Akaike Information Criterion,
the variable dose interval was removed from the final
model. History of SARS-CoV-2 infection and calendar
month/year of vaccination were also excluded from
the final model because they had no effect on the
direction or strength of the measure of association for
the primary exposure variable.

In the separate models with interaction terms
(Table 3) between vaccine types and covariates to
assess if the effect differs across categories of these
variables, the association between mRNA-1273 and
myocarditis was stronger for those aged 18-39 years
(aOR: 5.09; 95% CI: 2.68-9.66), but was not present
ing COVID-19 mRNA Vaccines

9 10 11 12 13 14 15 16 17 18 19 20 21
 Period (Days)
mRNA-1273 BNT162b2

COVID-19 messenger RNA (mRNA) vaccine stratified by the type of

d rise in incident myocarditis within the first 7-10 days after second

is higher and rises rapidly among mRNA-1273 recipients than



TABLE 3 Odds of Myocarditis/Pericarditis 21 Days After Second Dose of COVID-19 mRNA Vaccination (mRNA-1273 vs BNT162b2)

Myocarditis Pericarditis Myopericarditis

Crude
OR (95% CI)

Adjusted
OR (95% CI)a

Crude
OR (95% CI)

Adjusted
OR (95% CI)

Crude
OR (95% CI)

Adjusted
OR (95% CI)

Overall 2.82 (1.69-4.71) 2.78 (1.67-4.62) 2.42 (1.32-4.48) 2.42 (1.31-4.46) 2.66 (1.78-3.97) 2.63 (1.76-3.93)

Sex

Men 3.16 (1.74-5.73) 3.21 (1.77-5.83) 2.08 (0.99-4.37) 2.12 (1.01-4.46) 2.70 (1.67-4.34) 2.77 (1.72-4.48)

Women 1.79 (0.64-5.05) 1.82 (0.65-5.12) 3.14 (1.06-9.36) 3.21 (1.07-9.54) 2.34 (1.11-4.91) 2.40 (1.14-5.05)

Age, y

18-39 5.24 (2.76-9.95) 5.09 (2.68-9.66) 2.24 (1.04-4.85) 2.21 (1.02-4.78) 3.83 (2.32-6.30) 3.74 (2.27-6.16)

$40 0.54 (0.15-1.87) 0.52 (0.15-1.82) 2.87 (1.04-7.93) 2.83 (1.02-7.79) 1.32 (0.63-2.73) 1.29 (0.62-2.67)

Each OR represents the odds of the outcome among mRNA-1273 relative to BNT162b2, and therefore, an OR >1.00 indicates a higher odds of the outcome among mRNA-1273.
P values for interactions: age ¼ 0.014, sex ¼ 0.612. aOverall analysis adjusted for sex, age, and history of any comorbidity, while the stratified analyses are adjusted for all
variables except for the stratified variable.
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for those aged $40 years (aOR: 0.52; 95% CI: 0.15-
1.82) or among women (aOR: 1.82; 95% CI: 0.65-5.12),
although the number of outcomes and power to
detect the effect was very small. In contrast, the as-
sociation between mRNA-1273 and pericarditis was
present for both age groups and sexes. Results from
sensitivity analyses using a 7-day window to ascer-
tain outcomes (as opposed to the 21 days used in
primary analysis) were similar (Supplemental
Table 7). Considering both first and second doses,
although the overall results and interpretation
remained the same, the overall and stratified strength
of associations was reduced (Supplemental Table 8c,
Supplemental Figure 3).

DISCUSSION

In our large population-based analysis of individuals
who received an mRNA vaccine as a first and second
dose, we observed 2- to 3-fold higher odds of
myocarditis and pericarditis among individuals who
received mRNA-1273 compared with BNT162b2.
Compared with the background rates of myocarditis
calculated for 2018 from BCC19C (overall ¼ 2.01 per
million, aged 18-39 years ¼ 1.79 per million, and
aged $40 years ¼ 2.20 per million), both Moderna and
Pfizer had higher overall as well as age-specific rates.
However, overall rates of outcomes per million sec-
ond doses were still very low for both vaccine prod-
ucts (myocarditis: 35.6 for mRNA-1273 and 12.6 for
BNT162b2; pericarditis: 22.9 and 9.4), highlighting
their favorable safety profile. The postvaccination
rates were higher for men and in younger age groups
for both vaccine products—with the highest rate
observed in men aged 18 to 29 years following a sec-
ond dose of mRNA-1273 (269.6 events per million
doses), as also observed in other studies of mRNA
vaccines.17,18 Notably, the increased odds of myocar-
ditis with mRNA-1273 (vs BNT162b2) were not present
at older ages ($40 years), although odds of pericar-
ditis were higher with mRNA-1273 for both younger
and older individuals (Central Illustration).

Our analysis builds upon phase 3 clinical trials
(which were not powered to detect rare adverse
events) and supports findings from other passive
surveillance systems identifying an association be-
tween mRNA vaccine products and myocarditis/
pericarditis. However, most prior analyses on this
topic assessed the safety of these mRNA vaccines
separately and indirectly compared their safety. Our
findings have implications for strategizing the rollout
of mRNA vaccines, which should also consider the
self-limiting and mild nature of most myocarditis
events,17,18 benefits provided by vaccination, higher
effectiveness of mRNA-1273 (vs BNT162b2) against
infection and hospitalization, and the apparent
higher risk of myocarditis following SARS-COV-2
infection than with mRNA vaccination.19

Our results generally align with findings from
studies that allow for indirect comparison of COVID-
19 mRNA vaccine product safety. In an analysis of
passive safety surveillance data from Ontario, Can-
ada, rates of myocarditis after second vaccination
dose were much higher for mRNA-1273 than
BNT162b2 among individuals 18-39 years of age, with
a rate per million doses of 195.5 vs 44.3 among in-
dividuals aged 18 to 24 years.20 In a self-controlled
case series study, the risk of myocarditis was much
higher following mRNA-1273 (vs self-controlled
period before mRNA-1273; IRR: 9.84; 95% CI: 2.69-
36.03) compared with BNT162b2 (vs self-controlled
period before BNT162b2; IRR: 1.30; 95% CI: 0.98-
1.72), although the number of events following
mRNA-1273 was small, leading to wide CIs.13 In this
study, the risk of myocarditis was higher in in-
dividuals 18-39 years of age. In contrast, a descriptive
study conducted by Oster et al21 observed only
slightly higher rates of myocarditis 7 days post–

https://doi.org/10.1016/j.jacc.2022.08.799
https://doi.org/10.1016/j.jacc.2022.08.799
https://doi.org/10.1016/j.jacc.2022.08.799
https://doi.org/10.1016/j.jacc.2022.08.799


CENTRAL ILLUSTRATION Association Between COVID-19 Vaccine Product (mRNA-1273 and BNT162b2)
and Myocarditis

Rate of Myocarditis Per 1 Million Doses by Vaccine Product, Sex,
and Age Group (Years)
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(Top) Rate of myocarditis per 1 million doses by vaccine product, sex, and age group (years). The highest rate of myocarditis was observed among those aged 18-29

years, following the second dose of mRNA-1273. (Bottom) Overall and stratified logistic regression results (adjusted odds ratios with 95% CI).
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mRNA-1273 vaccine than BNT162b2 across multiple
age and sex strata (eg, among men aged 18 to 24
years, the rate per million second doses of myocar-
ditis post–mRNA-1273 was 56.3 compared with 52.4
post–BNT162b2). Also, a disproportionality analysis
conducted by Li et al,12 found that BNT162b2 had a
higher overall risk of myocarditis (reporting OR: 5.37;
95% CI: 4.10-7.04) than mRNA-1273 (reporting OR:
2.91; 95% CI: 2.21-3.83). However, these contrasting
results may be attributed to the inclusion of a
younger age group (12-17 years) among the BNT162b2
group. This age group did not receive the mRNA-1273
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vaccine, and among BNT162b2 recipients, it had the
highest risk of myocarditis (reporting OR: 8.19;
95% CI: 4.37-15.36) compared with other age groups.
The contrasting findings may highlight the impor-
tance of direct comparison studies to adjust for po-
tential differences between individuals who received
these different vaccine products.12

Our results are also similar to the few safety studies
that have directly compared vaccine products and
adjusted for differences between populations. Two
population-based studies have been conducted in
which study participants could contribute time as
unvaccinated individuals. In a Danish study, the
adjusted hazard of myocarditis was 1.34 (95% CI:
0.90-2.00) for BNT162b2 and 3.92 (95% CI: 2.30-6.68)
for mRNA-1273, compared with being unvaccinated.22

Similar to our study, no association with myocarditis
was identified in individuals aged $40 years. In a
meta-analysis of data from 4 Nordic countries
(Denmark, Finland, Norway, and Sweden), adjusted
incident rate ratios for the second mRNA dose were
1.75 (95% CI: 1.43-2.14) for BNT162b2 and 6.57 (95% CI:
4.64-9.28) for mRNA-1273. Although the association
was still present in individuals $40 years of age, it
was greatly attenuated compared with younger age
groups.23 In the only study directly comparable to
ours (ie, it did not include an unvaccinated compar-
ator), an unpublished presentation (N.P. Klein,
October 21, 2021, ACIP meeting COVID-19 Vaccines)
using electronic health record data from the U.S.
Vaccine Safety Datalink project found the rate of
myocarditis among individuals aged 18 to 39 years to
be 2.2 (95% CI: 0.98-4.97) times higher for mRNA-1273
compared with BNT162b2 after adjusting for age, sex,
race/ethnicity, geography, and calendar date.24

STUDY STRENGTHS AND LIMITATIONS. The major
strength of this study is the comprehensive
population-based capture of immunization data, as
well as the data sets used to identify myocarditis/
pericarditis and ascertain potential confounders. Un-
like many other studies, we directly compared vaccine
products and adjusted for these potential confounders
in multivariable analysis. Due to the exclusion of any
individual with a history of myopericarditis within the
year preceding the date of second vaccination dose,
the likelihood of previous history of myocarditis
guiding the postvaccination occurrence was elimi-
nated. Limitations include the study’s observational
nature, which limits the ability to infer causality.
Indeed, we were unable to determine whether
myocarditis/pericarditis events were related to
vaccination, although temporality was ensured in the
study design. Importantly, the use of a shorter time
window (7 days) for ascertainment of safety events led
to very similar results as the 21-day window in our
primary analysis. Despite adjustment for potential
confounders, residual confounding may contribute to
the differences in the rate of outcomes across vaccine
products. Furthermore, because of the rarity of
events, we were unable to control for additional po-
tential confounders such as geography. We also relied
on hospital and emergency department visit data and,
therefore, may have missed less severe myocarditis/
pericarditis events that did not require medical
attention. Furthermore, as the outcome definition was
based on diagnostic codes with no chart reviews to
include symptomatology or results of laboratory tests
or diagnostic imaging, our outcomes may be subjected
to misclassification. However, because this analysis
compared 2 vaccine types, any bias resulting from this
classification would be nondifferential because the 2
vaccine groups had the same case ascertainment
procedure. Furthermore, a crosscheck using Provin-
cial Laboratory Information Solution data found that
of the 59 identified myocarditis cases, 57 were sub-
jected to at least 1 type of troponin test within 30 days
after the second vaccination dose. The troponin levels
were higher than normal for 51 of the 57 (89.5%) par-
ticipants with a troponin test. An overall limitation of
analyses with rare outcomes is the small number of
outcomes and its impact on statistical power. There-
fore, the lack of an association between vaccine
products and in some strata (eg, older ages and
women) may be caused by a lack of power.

CONCLUSIONS

Myocarditis/pericarditis following mRNA COVID-19
vaccines is rare, but we observed a 2- to 3-fold
higher odds among individuals who received mRNA-
1273 recipients relative to BNT162b2. The higher rate
of myocarditis following mRNA-1273 receipt is highest
among younger men (18-39 years of age) and is not
present at older ages. Our findings may have policy
implications regarding the choice of vaccine offered.
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