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Background: Canadian and international data suggest the risk of myocarditis and/or pericarditis is ele-
vated during the week after mRNA COVID-19 vaccination, particularly in younger age groups, in males,
and after second doses.
Objectives: This article examines whether there is a product-specific difference in the risk for myocarditis
and/or pericarditis between the two mRNA vaccines administered in Canada: BNT162b2 (Pfizer-BioNTech
Comirnaty) and mRNA-1273 (Moderna Spikevax).
Materials and methods: Reporting rates of myocarditis and/or pericarditis were calculated from reports
received by the Canadian Adverse Events Following Immunization Surveillance System from December
2020-March 2022. Excess cases and attributable incidence among individuals aged 18–39 were estimated
for each vaccine in comparison with background rates from 2015 to 2019. Head-to-head comparisons
used Poisson regression, conditioned on week of vaccine administration, to estimate rate ratios for the
week after mRNA-1273 vaccination versus the week after BNT162b2, by age and sex as well as overall.
Analyses were restricted to May 30–March 13, 2021, when heightened media awareness was unlikely
to have affected reporting rates for the two products differentially.
Results: In 18–29 year-old males who received a second dose of mRNA COVID-19 vaccine, attributable
risk of myocarditis and/or pericarditis was found to be 5.69 (95% CI: 4.07 – 7.95; p < 0.001) times higher
among mRNA-1273 recipients (n = 106) as compared to BNT162b2 recipients (n = 33). In the same group,
Poisson regression modelling estimated that the risk of myocarditis and/or pericarditis was 4.72 (p-value
= <0.001) times higher after mRNA-1723 compared to BNT162b2 vaccination.
Conclusions: The risk of myocarditis and/or pericarditis is higher after mRNA-1723 vaccination than
BNT162b2 vaccination in those aged 18–39 years, especially in males aged 18–29 years, where the risk
is several times higher.
Crown Copyright � 2022 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The early arrival of mRNA-based vaccines in December 2020
into the armamentarium of tools to fight the COVID-19 pandemic
was made possible by successful clinical trials demonstrating vac-
cine safety and efficacy [1,2]. By March 2021, post-market safety
surveillance systems in Israel, the United States and other coun-
tries detected a disproportionate number of reports of myocarditis
and/or pericarditis (inflammation of the heart muscle and/or lining
of the heart muscle) that had not been picked up during clinical tri-
als [3,4], occurring very rarely but with higher frequency than
expected during the week after mRNA vaccination, especially in
younger age groups, in males, and after the second dose [5–8].
National immunization technical advisory groups (NITAG) around
the world subsequently deliberated on the risk–benefit of mRNA
vaccination in younger age groups. They took into consideration
the relatively low burden of SARS-CoV-2 infection in these age
strata [9,10] and early data suggesting that, particularly in younger
age groups, myocarditis and/or pericarditis following immuniza-
tion was largely self-limited and without short-term complication,
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though a range of severity was noted and follow-up time was lim-
ited [5–8].

In early June 2021, the Public Health Agency of Canada and
Health Canada sent a series of communiqués out to health care
professionals for awareness and guidance. Health Canada autho-
rized updated product monographs of both mRNA COVID-19 vacci-
nes to include information about these risks (30 June 2021) [11].
Canada’s National Advisory Committee on Immunization (NACI)
first added information on myocarditis and/or pericarditis in its
guidance on June 17 and on July 2, 2021, it recommended that a
complete series with BNT162b2 should be offered to individuals
12 to 15 years of age without contraindications to the vaccine, not-
ing that informed consent should include a discussion about very
rare reports of myocarditis and/or pericarditis following an mRNA
dose [12].

Publicly available US [13,14] and Canadian [15] reporting rates
of myocarditis and/or pericarditis risk are inconsistent on whether
there is a product-specific difference in risk between the two
mRNA vaccines, and this has garnered attention internationally
[16]. Surveillance data in France found statistically significantly
higher rates of myocarditis and/or pericarditis following dose 2
mRNA-1273 vaccination than BNT162b2 vaccination in males aged
18–29 years of age [17], results which were mirrored in a case con-
trol study also conducted in France [18]. In the Canadian context,
differences in risk between the vaccines might be influenced by
ascertainment bias and vaccine roll-out. Most notably, more
BNT162b2 doses than mRNA-1273 doses were administered in
Canada before media and health care provider awareness of the
myocarditis and/or pericarditis safety signal. This could theoreti-
cally bias comparisons of mRNA-1273 reporting rates with
BNT162b2 reporting rates unless comparisons are restricted to
times when both vaccines were widely available, and comparisons
are carefully adjusted for calendar time. Jurisdictional differences
in vaccine rollout included the order and timing in which specific
age groups and subpopulations were vaccinated with a specific
vaccine. For example, mRNA-1273 was prioritized for rural and
remote Indigenous communities, accounting for roughly 1.6 mil-
lion doses administered [19,20].

This article examines whether there is a difference in product-
specific risk for myocarditis and/or pericarditis in individuals aged
18 and older between the two mRNA COVID-19 vaccines adminis-
tered in Canada, using passive post-marketing surveillance data.
Given that the risk of myocarditis and/or pericarditis has been
identified as being highest in young males in the first 4–5 days fol-
lowing their second dose of mRNA vaccine, our analysis focused
specifically on younger ages (18–39 years), by sex, and by dose
number in the first 7 days after mRNA COVID-19 vaccination.
2. Material and methods

2.1. Reports of myocarditis and/or pericarditis

The current myocarditis and/or pericarditis analysis includes
cases reported to the Canadian Adverse Events Following Immu-
nization Surveillance System (CAEFISS). CAEFISS is a federal system
established in 1987 and includes both active and passive surveil-
lance [21]. Adverse events following immunization (AEFI) reports
are submitted to CAEFISS by provincial/territorial/federal public
health authorities (who received them from their local or regional
public health units, where applicable) [22]. AEFI reporting to public
health authorities is mandatory in all provinces and territories in
Canada except for the Yukon Territory and Newfoundland and Lab-
rador, who have robust AEFI reporting policies and processes in
place.
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Each report is submitted by a health care provider and has been
reviewed and verified by public health nurses and physicians at
local/regional, provincial/territorial, and federal public health orga-
nizations. They undergo additional medical review after submis-
sion to CAEFISS. While the local or regional public health
organization has the authority to access the patient’s chart and
contact the patient directly to inform their case reports, supporting
medical information is not consistently included in the reports
submitted at the federal level. However, CAEFISS medical review-
ers may request clarifying clinical information from the reporting
jurisdiction.

Adverse event reports following immunization with BNT162b2
and mRNA-1273 have been submitted into CAEFISS since the
beginning of Canada’s COVID-19 vaccination campaign in Decem-
ber 2020. Physician case reviewers at the Public Health Agency of
Canada assessed all CAEFISS reports containing all
cardiovascular-related MedDRA terms (indicating symptoms,
signs, and/or diagnoses) against relevant Brighton Collaboration
case definitions, including myocarditis and pericarditis on a weekly
basis [23]. Reports were included in the analysis if they were
assessed as having met Brighton Collaboration case definition level
of certainty 1 to 3 for myocarditis and/or pericarditis after assess-
ment by a physician case reviewer at the Public Health Agency of
Canada. A one-time extraction of reports of myocarditis and/or
pericarditis was conducted on March 18, 2022 to obtain all reports
with a date vaccine administered, date report received, and date
report completed on or before March 18, 2022. Reports were
excluded if they were missing time from vaccination to onset, dose,
or sex. Rate comparisons were restricted to those reports of cases
between 18 and 39 years of age, as this age group has been previ-
ously identified by international surveillance systems as having a
disproportionately high risk for myocarditis and/or pericarditis
after receipt of an mRNA vaccine.
2.2. Reporting rate calculation

Number of vaccine doses administered by sex, age group, vac-
cine, and dose number were retrieved from the Canadian COVID-
19 Vaccination Coverage Surveillance System (CCVCSS) [24] and
the Institut National de Santé Publique du Québec (INSPQ) for
doses specific to the province of Quebec [25] up to February 28,
2022 (after which time Quebec data was added to CCVCSS). The
weekly number of doses were collected up to and including March
13, 2022 . As data was not provided by INSPQ on Saturdays, we
used the closest date after the Saturday, and then data from INSPQ
was set to the previous Saturday to align with CCVCSS data (e.g.
INSPQ data from August 8, 2021 was set to August 7, 2021). On
November 8, 2022 INSPQ switched to reporting on Mondays (e.g.
INSPQ data from November 8, 2021 was set to November 6,
2021). In addition. On January 30, 2022, CCVCSS switched their
reporting date to Sunday. As of March 6, 2022, dose specific doses
administered data in Quebec was added to CCVCSS data and INSPQ
data was no longer used.

The time at risk post-vaccination was set to 7 days. Person-time
at risk was calculated using days up to and including March 18,
2022 to align with observed cases.
2.3. Reporting rate comparisons

The comparison of mRNA vaccines was performed using differ-
ent methods: relative risk ratios, attributable risk, and conditional
Poisson regression modelling. For all analyses, statistical signifi-
cance was set at p < 0.05.
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2.4. Relative risk ratios

Myocarditis and/or pericarditis reporting rates and 95% Poisson
exact confidence intervals (CI) were calculated using case counts
divided by the total cumulative doses administered in a given
age group, dose number, vaccine type, and sex strata. Vaccine-
specific rates were then compared using Fisher exact tests and rel-
ative risk ratios with 95% confidence intervals were calculated for
all statistically significant comparisons. Statistical analysis was
performed using the R statistical software ‘‘Epitools” and ‘‘EpiR”
packages [26,27].

2.5. Attributable risk

Reports of myocarditis and/or pericarditis following immuniza-
tion in CAEFISS assigned a Brighton Collaboration case definition
level of certainty 1–3 require investigation results that can only
be obtained in clinical healthcare settings as laboratory investiga-
tions or electrocardiography are not accessible to individuals in
Canada unless ordered by a physician. Therefore, most cases would
have received some form of hospital or ambulatory care. To deter-
mine the age- and sex-matched expected numbers of cases in the
general population, regardless of vaccination status, hospital
administrative data was used, given myocarditis and/or pericardi-
tis is likely to result in medical care. Background rates were calcu-
lated using 2015–2019 data from the Canadian Institute for Health
Information (CIHI) – Discharge Abstract Database and National
Ambulatory Care Reporting System [28,29], a well-established,
accurate and reliable health administrative database capturing all
hospital-based and community-based ambulatory care visits, and
administrative, clinical and demographic information on hospital
discharges [30]. It includes acute care inpatient data from all 13
provinces and territories except Quebec and emergency depart-
ment (ED) data from 7 provinces and 1 territory (i.e., excluding
Quebec, New Brunswick, Newfoundland and Labrador, Northwest
Territories, and Nunavut). All records with an admission diagnosis
of myocarditis and/or pericarditis (ICD-10-CA code of: I30.x, I32.x,
I40.x, I41.x, I51.4) [31] from all provinces and territories except
Quebec were included. Records were excluded if the individual left
the ED without an initial assessment or if the record was within
365 days of another hospital or ED visit for myocarditis and/or
pericarditis. Statistics Canada population estimates as of July 1st
of each year were used as the denominator to estimate the back-
ground rates [32]. Population estimates were assumed to have con-
tributed a full year of follow-up time to the denominator. Overall
background rates covering 2015 through 2019 were calculated
by age group (0–11, 12–17, 18–29, 30–39, 40–49, 50–59, 60–69,
70 + years) and sex (males, females) and 95% CI were calculated
using the Poisson exact method. As a sensitivity analysis, back-
ground rates were also calculated using the same methodology
for the time period of February 1, 2020 to January 31, 2021 to
investigate differences in rates of myocarditis and/or pericarditis
over time.

For each vaccine, dose number, age group, and sex, the number
of expected cases was calculated using the following formula [33]:

Number of expected cases ¼ BGR �
XN

i¼1

DAi �min 7; PTið Þ
365

Where
i = week number where i = 1 is the first week the doses admin-

istered data was available (week ending May 29, 2021) and N is the
last week of doses administered data prior to the end of study
(week ending March 13, 2022)

BGR: Age and sex specific background rate of myocarditis and/
or pericarditis.
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DAi = New doses administered in week i.
PTi = Number of days from the doses administered date (either

Saturday or Sunday) of week i to March, 18, 2022.
Confidence intervals for the number of expected cases were cal-

culated using the lower and upper bounds of the 95% confidence
interval of a given age group and sex specific background rate.
SAS version 9.4 was used to estimate background rates and num-
ber of expected case counts.

The attributable risk for each vaccine (without implication on
causation) was calculated by subtracting the expected number of
cases from the observed cases divided by the total number of doses
administered in a given age, dose number, and sex stratum. Attri-
butable (excess) fraction was calculated as the attributable risk
divided by the observed incidence and multiplied by 100.
2.6. Conditional regression modelling

To account for differences in vaccine rollout over time and AEFI
reporting by geographic location, Poisson regression models were
conditioned on the calendar week of vaccine administration, and
were restricted to dose 2 mRNA vaccines administered between -
May 30, 2021 and March 13, 2022 [34]. Two models were selected
a priori for testing: the first conditioned only on the week of vacci-
nation and the second additionally conditioned on reporting juris-
diction. The models were adjusted for age group (18–29, 30–39)
and sex (male, female) as well as type of vaccine (mRNA-1273,
BNT162b2); the log of the person-time at risk post-vaccination
was included as an offset term. To calculate the person-time at risk
in each stratum, all doses administered within a stratum (week or
week and jurisdiction) were assumed to contribute a full 7 days of
follow-up, unless a report experienced myocarditis and/or peri-
carditis in which the known time to onset was used. If overdisper-
sion was found in any model, quasi-Poisson models were run to
adjust the standard errors. In the model conditioned on week
and jurisdiction, the Territories (Northwest Territories, Nunavut,
and Yukon) were grouped into one stratum. In both models, strata
(week or week and jurisdiction) without new reports of myocardi-
tis and/or pericarditis following dose 2 of an mRNA vaccination
were excluded as they do not contribute to the likelihood. Interac-
tion terms were tested for significance to investigate whether
myocarditis risk after one or the other product differed signifi-
cantly across the four age-sex subgroups. If interaction terms were
significant, separate models were used to conduct separate head-
to-head comparisons of the two mRNA vaccines in each of the four
age-sex subgroups: males aged 18–29, females aged 18–29, males
aged 30–39, and females aged 30–39. Log-likelihood ratio tests
were used to determine if effect modification was statistically sig-
nificant. The Akaike information criterion (AIC) was used to com-
pare the best model conditioned on week only to the best model
conditioned on both week and jurisdiction. Statistical analysis
was performed using the R statistical software ‘‘gnm” and ‘‘stats”
packages [35,36].
3. Results and discussion

As of March 18, 2022, there were 1,707 reports of myocarditis
and/or pericarditis submitted to CAEFISS following the mRNA-
1273 (N = 629) or BNT162b2 vaccines (N = 1,078). The following
numbers of reports did not meet inclusion criteria: Brighton Col-
laboration case definition (BCD) level of certainty of 4 (N = 757),
time to onset was missing or time to onset more than 7 days
(N = 242), dose was missing or greater than 2 (N = 31), missing
sex (N = 23), and age<18 or greater than 39 (N = 282). Of the
remaining reports (N = 372), 61.6% were following the mRNA-
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1273 vaccine, 77.2% were in males, 75% were individuals 18–
29 year old, and 78% were following dose 2 (Table 1).

As of the week of March 13, 2022, there were 13,702,140 dose 1
or 2 of BNT162b2 administered (71% of the mRNA vaccine doses)
and 5,667,907 dose 1 or 2 of mRNA-1273 administered (29%) to
individuals aged 18–39 in Canada.

3.1. Ascertainment bias considerations

Vaccine roll out over time by age group is presented in Figs. 1a
and 1b. Administration of mRNA-1273 and BNT162b2 vaccines
was expanded to include those under 40 years in most jurisdictions
in May 2021. Around the same time media coverage of reports of
myocarditis and/or pericarditis after mRNA vaccine became wide-
spread and at the time, more BNT162b2 had been administered in
Canada than mRNA-1273. This prompted concerns that BNT162b2
myocarditis and/or pericarditis reporting rates may be relatively
underreported because of the timing of media awareness and
health care provider awareness. When restricting cases to those
vaccinated after media awareness (May 30, 2021), this accounts
for over 91% of myocarditis and/or pericarditis cases reported into
CAEFISS in those aged 18–39, within the 7 day time at risk (only 33
cases were reported prior to this date), and vaccination in those
under 40 years of age started in most jurisdictions in June 2021.
From then through to March 18, 2022, the proportion of mRNA
vaccine recipients given each product did not vary appreciably in
those aged 18–39 years, reducing the suspicion of differences in
reporting bias by vaccine, and supporting the validity of making
direct head-to-head comparisons between the mRNA vaccines.

3.2. Stratified comparisons

Overall, the risk of myocarditis and/or pericarditis after mRNA-
1273 was 3.87 (95% CI: 3.14 – 4.77; p < 0.001) times higher than
the risk following BNT162b2 vaccination in those aged 18–39 fol-
lowing either dose of the vaccine (dose 1 or 2). When stratified
by dose only, the risk of myocarditis and/or pericarditis was 1.57
Table 1
Myocarditis and/or Pericarditis reports submitted to CAEFISS as of March 18, 2022.

Age group: 18-29yrs

mRNA-1273 BNT162b2
Cases 180 99
Age1 22 (19–25) 22 (19–25)
Sex2

Female 24 (0.13) 21 (0.21)
Male 156 (0.87) 78 (0.79)
Dose2

1 23 (0.13) 34 (0.34)
2 157 (0.87) 65 (0.66)
BCD level2

1 47 (0.26) 21 (0.21)
2 122 (0.68) 70 (0.71)
3 11 (0.06) 8 (0.08)
Age group: 30-39yrs
Cases 49 44
Age1 34 (31–36) 34 (32–37)
Sex2

Female 19 (0.39) 21 (0.48)
Male 30 (0.61) 23 (0.52)
Dose2

1 6 (0.12) 19 (0.43)
2 43 (0.88) 25 (0.57)
BCD level2

1 14 (0.29) 4 (0.09)
2 32 (0.65) 31 (0.70)
3 3 (0.06) 9 (0.20)

1 Median (IQR)
2 n (proportion of total)
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(95% CI: 1.00 – 2.47; p = 0.06) and 4.54 (95% CI: 3.54 – 5.82;
p < 0.001) times higher after mRNA-1273 vaccination compared
to BNT162b2 vaccination following dose 1 and dose 2 respectively.
The product-specific difference in risk between mRNA vaccines
was statistically significant and most marked in 18–29 year old
males who received their second dose, where there was a rate ratio
of 5.16 (95% CI: 3.75–7.10; p < 0.001) comparing mRNA-1273 vac-
cination to BNT162b2 vaccination (see Fig. 2a). After receiving dose
one, the rate ratio was 2.00 (95% CI: 1.11 – 3.61; p = 0.03), compar-
ing the rate after mRNA-1273 vaccination with the rate after
BNT162b2 vaccination. In the 30–39 year age group, a significant
difference was also found between male dose 2 reporting rates
for BNT162b2 and mRNA-1273 and the relative risk was found to
be 3.76 (95% CI: 1.94–7.30; p < 0.001) (see Fig. 2b). Among 18–
29 year old females, the rate ratio was significantly higher at 3.4
(95% CI: 1.69 – 6.84; p < 0.001) for mRNA-1273 compared to
BNT162b2 following dose 2. In 30–39 year old female dose 2 recip-
ients, the rate ratio was 2.95 (95% CI: 1.40 – 6.24; p = 0.007) after
mRNA-1273 compared to BNT162b2 and was statistically signifi-
cant. No significant differences were found in the rate ratios for
males or females aged 30–39 following dose 1 or females aged
18–29 following dose 1.

3.3. Attributable risk

Vaccine attributable risk for individuals 18–39 year old are pre-
sented in Tables 2a and 2b. The vaccine attributable risk of
myocarditis and/or pericarditis in 18–29 year old males was found
to be 2.37 (95% CI: 1.22 – 4.58; p = 0.02) times higher in mRNA-
1273 recipients as compared to BNT162b2 recipients after dose
1, and 5.69 (95% CI: 4.07 – 7.95; p < 0.001) times higher after dose
2. Among 30–39 year old male dose 2 recipients, attributable risk
of myocarditis and/or pericarditis was 5.28 (95% CI: 2.41 – 11.58;
p < 0.001) times higher after mRNA-1273 compared to BNT162b2.
For females receiving dose 2, the vaccine attributable risk of
myocarditis and/or pericarditis in 18–29 year olds was 3.84 (95%
CI: 1.83 – 8.06; p < 0.001) times higher in mRNA-1273 recipients
as compared to BNT162b2 recipients, and 3.35 (95% CI: 1.51 –
7.45; p = 0.004) in 30–39 year old mRNA-1273 recipients as com-
pared to BNT162b2 recipients.

3.4. Conditional regression model

A total of 282 reports of myocarditis and/or pericarditis follow-
ing dose 2 of an mRNA vaccine with BCD levels 1–3 were recorded
with a date vaccine administration between 30 May 2021 and 13
March 2022 in those aged 18–39, out of a total of 8,871,822 mRNA
doses and 62,101,443 person days of follow up.

After testing all possible interactions (i.e., age group and vaccine
type, sex and vaccine type, and age group and sex), the interaction
between age group and sex was the only interaction found to
improve the model fit based on a likelihood ratio test (Table 3).
The model including a three-way interaction between age group,
sex, and vaccine was not found to be superior to the model includ-
ing the two-way interaction between age group and sex based on a
likelihood ratio test (p = 0.62). Additional conditioning on jurisdic-
tion produced an inferior model based on the AIC (model condi-
tioned on week: AIC = 478.03; model conditioned on week and
jurisdiction: AIC = 918.04).

The superior model, which contained an interaction term for
age group and sex, found the risk of myocarditis and/or pericarditis
following dose 2 of mRNA-1273 vaccine to be 4.14 times higher
than the risk following dose 2 of the BNT162b2 (Table 3). Stratified
conditional Poisson models by age group and sex were also run.
There were a total of 217 reports in those aged 18–29 of myocardi-
tis and/or pericarditis following dose 2 of an mRNA vaccine (86%



Fig. 1a. BNT162b2 administered in Canada by week of campaign, by age group (years).

Fig. 1b. mRNA-1273 administered in Canada by week of campaign, by age group
(years).

Fig. 2a. Myocarditis and/or pericarditis cases reported in Canada following
COVID-19 mRNA vaccination by vaccine type, dose number, and sex in those
aged 18–29.
*Statistically significant difference.
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male), and 65 in those aged 30–39 (62% male). Quasi-Poisson mod-
els were used for males aged 18–29 and males aged 30–39 as the
Poisson models were found to be over-dispersed. In males aged
18–29 years, the risk of myocarditis and/or pericarditis following
dose 2 of the mRNA-1273 vaccine was 4.72 (p-value = <0.001)
times higher than the risk following dose 2 of the BNT162b2 vac-
cine (Table 4). The risk of myocarditis and/or pericarditis following
dose 2 of mRNA-1273 was 3.52 (p-value = 0.01), 2.67 (p-
value = 0.01), and 3.99 (p-value = 0.001) times higher than the risk
following dose 2 of the BNT162b2 vaccine for males aged 30–39,
females aged 18–29, and females aged 30–39 respectively.

3.5. Interpretation

When using stratification by sex and age to control for con-
founding in the attributable risk calculations, a relatively high esti-
mate of the difference in risk between the two mRNA vaccines was
found. This is consistent with recent sub-analyses within Canada
[37] and some international jurisdictions [13,14,17,18]. The attri-
butable risk analyses have the advantage of removing the influence
of background rates (cases that would have occurred regardless of
vaccination status). Conditional Poisson regression modelling
directly compared the two products, rather than indirectly com-
paring the amounts by which incidence after each product
exceeded the expected background rate. The conditional Poisson
regression model also carefully adjusted for differences in the
amount of each product administered each week (such adjustment
is helpful if myocarditis and/or pericarditis risk can vary by time
and region for reasons otherwise unaccounted for).

While this study suggests that the risk of myocarditis and/or
pericarditis is higher with mRNA-1273 vaccination versus
BNT162b2 vaccination in Canada, we note that international data
is variable on this issue [38]. BNT162b2 also shows higher
observed than expected cases of myocarditis and/or pericarditis,
so although the risk appears to be lower than with mRNA-1273
vaccination, there is still a risk associated with the BNT162b2 vac-
cine. In Canada as of March 13, 2021, approximately 7.26% of the
vaccinated population received a mixed mRNA vaccine primary
series schedule, based on national advice from spring 2021 to facil-
itate series completion and vaccine rollout [24,51]; it is unknown
what the impact of mixed schedules is on reporting rates used in
this analysis, as it did not account for the type of dose 1 vaccine
received when the report was for a recipient of their second dose.
The current literature estimates the rate of myocarditis and/or



Fig. 2b. Myocarditis and/or pericarditis cases reported in Canada following
COVID-19 mRNA vaccination by vaccine type, dose number, and sex in those
aged 30–39.
*Statistically significant difference.
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pericarditis after vaccination is lower than the rates after SARS-
CoV-2 infection across all age groups and sexes [39–43]. While it
is not clear whether this is true for individuals 18–39 using hospi-
tal administrative data [42], when considering mRNA-1273 dose in
males, or when examining pericarditis alone [40], it appears that
there is a high proportion of subclinical cases that would not nor-
mally be detected outside research studies [44,45]. Most CAEFISS
reports had incomplete information on documented prior infec-
tions that may have contributed to or caused the presentation;
in-depth causality reviews of cases are underway where support-
ing clinical information is available. Studies examining incidence
of myocarditis and/or pericarditis after COVID-19 infection, other
types of infection, and other vaccines have been an ongoing area
of research exploring the incidence of myocarditis outside of
COVID-19 vaccination and pathophysiological mechanisms, to help
inform benefit-risk discussions [46–48].

CAEFISS medical reviewers must make requests through the
reporting jurisdiction in order to gain access to de-identified med-
ical records and reports from or communications with health care
providers, which can be challenging logistically. In addition, mis-
classification of myocarditis and pericarditis can occur, and while
the rigour of clinical investigation can vary based on presentation,
local resources and individual clinician practice, we do not expect
this type of misclassification to differ based on vaccine type.

For AEFIs that require evaluation by a physician for diagnosis,
CAEFISS data quality, which only accepts reports from health care
providers, exceeds those of surveillance systems that receive
Table 2a
Myocarditis and/or pericarditis rates in males by age group, dose number, and mRNA vac

Age (yrs) Vaccine Dose Obs cases Doses Admin Obs Incidenc

18–29 mRNA-1273 1 19 712,962 2.66 (1.60–4.
18–29 BNT162b2 1 26 1,949,901 1.33 (0.87–1.
18–29 mRNA-1273 2 137 843,468 16.24 (13.64–
18–29 BNT162b2 2 52 1,650,746 3.15 (2.35–4.
30–39 mRNA-1273 1 3 658,681 0.46 (0.09–1.
30–39 BNT162b2 1 10 1,678,241 0.60 (0.29–1.
30–39 mRNA-1273 2 27 790,261 3.42 (2.25–4.
30–39 BNT162b2 2 13 1,432,400 0.91 (0.48–1.

1 Per 100,000 doses administered.
2 Reported number of Myocarditis and/or pericarditis in excess of expected backgrou

4668
reports directly from members of the public and media. Similar
to other passive surveillance systems, data quality was limited by
inconsistent quality and completeness of AEFI reports, reporting
bias, including under-reporting (for mild cases, those who do not
seek medical care, etc.), and stimulated/enhanced reporting (with
increased public awareness due to media coverage and alerts to
healthcare providers). Data quality issues are not, however,
vaccine-specific and thus do not inherently create a difference in
reporting bias between BNT162b2 and mRNA-1273 vaccines.

Although the vast majority of myocarditis and/or pericarditis
cases are diagnosed in emergency departments and hospitals in
Canada, it is possible that a proportion of cases were diagnosed
in physician offices or not at all (due to very mild symptoms)
and not captured in background rate based on CIHI health admin-
istrative data, therefore underestimating background rates and
overestimating attributable risk. In addition, it was not possible
to assess CIHI cases against Brighton Collaboration case definitions,
as chart information is not extractable. Therefore, a proportion of
CIHI cases counted as myocarditis and/or pericarditis may not
meet Brighton Collaboration level 1–3, which may overestimate
background incidence. On the other hand, background rates were
calculated using population-level administrative databases with a
known high degree of accuracy and reliability, and likely captures
a higher proportion of true cases that occurred in the population
than passive AEFI surveillance, further underestimating attributa-
ble risk estimates. Passive AEFI surveillance tends to suffer from
underreporting, as it is reliant on the healthcare provider having
clinical suspicion that there may be a temporal association
between vaccination and an adverse event, being aware of
jurisdiction-specific requirements to report a given AEFI, success-
fully accessing the AEFI form and filling it, and providing sufficient
information to allow for a Brighton Collaboration case definition
level of certainty 1–3. Underreporting remains a challenge in the
Canadian setting, despite the context of heightened awareness of
this adverse event following immunization. Restricting cases to
only Brighton Collaboration levels 1–3 further reduced the influ-
ence of over-reporting. Future studies to assess the sensitivity of
CAEFISS in capturing AEFI reports are planned. Regardless, it is
unlikely any of these factors affected estimates of attributable risk
differentially affect reporting rates by vaccine type.

Of note, a sensitivity analysis using 2020 background rates
increased the estimates of relative risk attributable to vaccination
in males because those background rates were lower for males
than those based on 2015–2019 CIHI data (see supplementary
information Table 1). Similarly, the estimates of relative risk attri-
butable to vaccination in females decreased when using the 2020
background rates. More recent background rates arguably provide
a more appropriate quantification of myocarditis and/or pericardi-
tis cases not attributable to vaccination. The epidemiology of circu-
lating SARS-CoV-2 virus and other common circulating viruses that
cine product.

e1 Expected
Cases

Excess cases2 Attributable Risk
(95% CI)1

Attributable
Fraction

16) 2.56 16.44 2.31 (1.33 – 3.72) 86.53%
95) 6.99 19.01 0.97 (0.59 – 1.52) 73.12%
19.20) 3.02 133.98 15.88 (13.31–18.81) 97.80%
13) 5.92 46.08 2.79 (2.04– 3.72) 88.62%
33) 2.12 0.88 0.13 (0.00 – 0.81) 29.33%
10) 5.4 4.6 0.27 (0.08 – 0.66) 46.00%
97) 2.54 24.46 3.10 (1.99 – 4.59) 90.59%
55) 4.61 8.39 0.59 (0.26 – 1.14) 64.54%

nd cases.



Table 2b
Myocarditis and/or pericarditis rates in females by age group, dose number, and mRNA vaccine product.

Age (yrs) Vaccine Dose Obs cases Doses Admin Obs Incidence1 Expected Cases Excess cases2 Attributable Risk
(95% CI)1

Attributable
Fraction

18–29 mRNA-1273 1 4 612,546 0.65 (0.18–1.67) 0.73 3.27 0.53 (0.12 – 1.50) 81.75%
18–29 BNT162b2 1 8 1,954,091 0.41 (0.18–0.81) 2.33 5.67 0.29 (0.10 – 0.64) 70.88%
18–29 mRNA-1273 2 20 757,253 2.64 (1.61–4.08) 0.90 19.10 2.52 (1.52–3.93) 95.50%
18–29 BNT162b2 2 13 1,674,920 0. 78 (0.41–1.33) 2.00 11.00 0.66 (0.33–1.18) 84.62%
30–39 mRNA-1273 1 3 579,134 0.52 (0.11–1.51) 0.75 2.25 0.39 (0.06–1.32) 75.00%
30–39 BNT162b2 1 9 1,783,440 0.50 (0.23–0.96) 2.32 6.68 0.37 (0.15 – 0.78) 74.22%
30–39 mRNA-1273 2 16 704,017 2.27 (1.30–3.69) 0.92 15.08 2.14 (1.20–3.53) 94.25%
30–39 BNT162b2 2 12 1,559,054 0.77 (0.40–1.34) 2.03 9.97 0.64 (0.31–1.18) 83.08%

1 Per 100,000 doses administered.
2 Reported number of myocarditis and/or pericarditis in excess of expected background cases.

Table 3
Conditional Poisson model comparing mRNA-1273 versus BNT162b2 risk for
myocarditis and/or pericarditis after dose 2, adjusting for effect modification of age
group and sex, conditioned on week vaccine was administered.

Estimate RR (95% CI) P-value

mRNA-1273 vs BNT162b2 1.42 4.14 (3.20–5.41) <0.001

Conditional Poisson model was adjusted for the following variables: age group, sex,
age group*sex

Table 4
Rate ratio estimates from stratified Poisson models comparing mRNA-1273 versus
BNT162b2 risk for myocarditis and/or pericarditis after dose 2, conditioned on week
vaccine was administered, stratified by age and sex.

N (reports of
myocarditis and/or
pericarditis)

RR (95% CI)(mRNA-1273
vs BNT162b2)

P-value

Males 18–29* 186 4.72 (3.09 – 7.39) <0.001
Males 30–39* 40 3.52 (1.61 – 8.29) 0.01
Females 18–29 31 2.67 (1.28 – 5.78) 0.01
Females 30–39 25 3.99 (1.76 – 9.60) 0.001

* Models were over dispersed so quasi-Poisson models were used to adjust the
standard errors (Deviance/degrees of freedom greater than 1.5)
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typically cause myocarditis and/or pericarditis would be similarly
impacted by public health restrictions as it would have been dur-
ing the study period time. However, the extent of healthcare avoid-
ance due to public health restrictions and outbreaks at healthcare
facilities that were commonplace, particularly in the early stages of
the pandemic, is uncertain. In addition, the background rates incor-
porating years 2015–2019 are more stable as they encompass a
longer time period. It is worth noting that, although there is some
uncertainty in what methodology is optimal in calculating back-
ground rates, comparisons by vaccine type should not be impacted.
Although the exact attributable risk may be uncertain, it does
appear that both mRNA-1273 and BNT162b2 both have increased
risk of myocarditis and/or pericarditis.

Canada is uniquely positioned to provide robust data comparing
myocarditis and/or pericarditis risk between mRNA vaccines, as it
has one of the world’s strongest vaccine safety surveillance sys-
tems and has vaccinated its population primarily with mRNA-
1273 and BNT162b2 [48]. Head-to-head comparisons of the two
mRNA vaccines administered in the same population at the same
time circumvent reporting biases that often plague AEFI surveil-
lance systems. Identifying a potential product-specific difference
in risk for a given AEFI is important as it may aid risk–benefit dis-
cussions that guide NITAG recommendations, foster the safest vac-
cination programs, and ultimately, aid patient and healthcare
provider decision making. This study’s findings were considered
during deliberations on vaccine administration policy on mRNA-
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1273 at the February 4th, 2022 meeting of the Advisory Committee
on Immunization Practices (ACIP) in the US [49]. Canada’s National
Advisory Committee on Immunization (NACI) considered this
study’s findings in their recommendation on the preferential use
of BNT-162b2 in children 6 to 11 years of age published March
17, 2022 [50].
4. Conclusions

Overall myocarditis and/or pericarditis following mRNA vacci-
nation is very rare. Vaccination with mRNA-1273 appears to be
associated with an increased risk of developing myocarditis and/
or pericarditis compared to BNT162b2 vaccination, and this differ-
ence in risk appears to be several-fold higher in young males aged
18–29 after dose 2. At the time of writing, the long-term effects of
myocarditis and/or pericarditis following immunization are not
well understood, nor is the biological mechanism explaining this
phenomenon, the impact of dose interval and mixed vaccine
schedules on risk, or the proportion of cases that may be attributed
to prior symptomatic or asymptomatic SARS-CoV-2 infection.
Despite numerous unknowns, product-specific differences in risk
can facilitate informed risk–benefit discussions, as many countries
vaccinate younger populations with subsequent doses.
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