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ARTICLE INFO ABSTRACT
Keywords: Objective: To compare myocarditis/pericarditis risk after COVID-19 mRNA vaccination versus
mRNA-1273 SARS-CoV-2 infection, and to assess if myocarditis/pericarditis risk varies by vaccine dosing
BNT162b2 ;

interval.
COVID-19

Methods: In this retrospective cohort study, we used linked databases in Quebec, Ontario, and
British Columbia between January 26, 2020, and September 9, 2021. We included individuals
aged 12 or above who received an mRNA vaccine as the second dose or were SARS-CoV-2-positive
by RT-PCR. The outcome was hospitalization/emergency department visit for myocarditis/peri-
carditis within 21 days of exposure. We calculated age- and sex-stratified incidence ratios (IRs) of
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myocarditis/pericarditis following mRNA vaccination versus SARS-CoV-2 infection. We also
calculated myocarditis/pericarditis incidence by vaccine type, homologous/heterologous
schedule, and dosing interval. We pooled province-specific estimates using meta-analysis.
Results: Following 18,860,817 mRNA vaccinations and 860,335 SARS-CoV-2 infections, we
observed 686 and 160 myocarditis/pericarditis cases, respectively. Myocarditis/pericarditis
incidence was lower after vaccination than infection (IR [BNT162b2/SARS-CoV-2], 0.14; 95%CI,
0.07-0.29; IR [mRNA-1273/SARS-CoV-2], 0.28; 95%CI, 0.20-0.39). Within the vaccinated
cohort, myocarditis/pericarditis incidence was lower with longer dosing intervals; IR (56 or more
days/15-30 days) was 0.28 (95%CI, 0.19-0.41) for BNT162b2 and 0.26 (95%CI, 0.18-0.38) for
mRNA-1273.

Conclusion: Myocarditis/pericarditis risk was lower after mRNA vaccination than SARS-CoV-2
infection, and with longer intervals between primary vaccine doses.

1. Introduction

Post-marketing surveillance systems and epidemiological studies have linked myocarditis and, to a lesser extent, pericarditis to
mRNA COVID-19 vaccines [1-6]. Given the existing evidence regarding vaccine-associated myocarditis/pericarditis among young
adult males, particularly after a second dose of mRNA-1273 [7,8], Canada’s National Advisory Committee on Immunization (NACI)
recommended preferential use of BNT162b2 (Pfizer-BioNTech Comirnaty) over mRNA-1273 (Moderna Spikevax) as a primary series
for individuals aged 6-29 years, and a longer interval between the two primary doses (8 weeks instead of the product
monograph-specified 21-day [for BNT162b2] and 28-day [for mRNA-1273] intervals) for all age groups [8,9]. Limited research is
available on the difference in post-vaccination myocarditis/pericarditis risk by vaccine schedule and varying dosing intervals [10]. It is
now possible to provide insight into these research gaps given ample Canadian data on fully vaccinated people and strategic pro-
grammatic changes in Canadian COVID-19 vaccination programs (e.g., extending vaccine eligibility to adolescents, using heterologous
mRNA vaccine schedules, and varying the interval between the primary doses).

SARS-CoV-2 infection may also be associated with myocarditis [11,12]. One study found that patients with COVID-19 had, on
average, 15.7 times (95%CI, 14.1-17.2) the risk for myocarditis compared with those without COVID-19 (adjusted risk difference =
0.13, 95%CI, 0.11-0.14) [13]. Thus, the objectives of this study were to compare the risk of myocarditis/pericarditis post-vaccination
to the risk after confirmed SARS-CoV-2 infection, and to assess whether the risk of myocarditis/pericarditis after the second COVID-19
vaccine dose varies by the dosing interval.

2. Methods
2.1. Data sources

Within each province, population-based COVID-19 vaccination datasets and SARS-CoV-2 laboratory testing datasets were linked
with administrative health datasets, using unique encoded identifiers at ICES in Ontario, Institut National de Santé Publique du
Québec, and the Provincial Health Services Authority in British Columbia (BC). In our study, we relied on PCR-confirmed COVID-19
cases, which were sourced from comprehensive data sets. For Ontario, we used the COVID19 Integrated Testing Data (C19INTGR),
which consolidates diagnostic lab results from multiple sources, including the Ontario Laboratories Information System, distributed
testing data within the COVID-19 Provincial Diagnostic Network, and the Public Health Ontario Case and Contact Management
System. In Quebec, Nosotech compiled SARS-CoV-2 test data from 100 public and private laboratories. In (BC), we utilized the In-
tegrated Lab Dataset for COVID-19, encompassing results from both private and public laboratories, including real-time polymerase
chain reaction (RT-PCR) diagnostic tests, single nucleotide polymorphism (SNP) screening, and whole genome sequencing (details in
Supplemental Table 1).

2.2. Study design and population

We applied a cohort study design to population-based data from three Canadian provinces (Ontario, BC, and Quebec) using a
common study protocol. Each province provides publicly funded healthcare that includes access to hospital and physician services,
SARS-CoV-2 laboratory testing, and COVID-19 vaccination. We created a ‘vaccination cohort’ to assess the risk of myocarditis/peri-
carditis post-COVID-19 vaccination and determine if the risk varies by dosing interval. This cohort included individuals aged >12 years
who completed a primary series of COVID-19 vaccination and received an mRNA vaccine as the second dose between December 14,
2020 (i.e., the start date of COVID-19 vaccination in participating provinces) and September 9, 2021. We excluded individuals who:
were missing data on the unique encoded identifiers, age, or sex; were not eligible for provincial health insurance on the date of second
dose administration (index date); had received either of the two doses outside the province; and/or had a history of myocarditis or
pericarditis (depending on outcome assessed) within one year prior to the index date or a history of SARS-CoV-2 infection during 21
days before or after receipt of the second dose.

We created an ‘infection cohort’ to assess the risk of myocarditis/pericarditis following SARS-CoV-2 infection. This cohort included
individuals aged >12 years who tested positive on a RT-PCR SARS-CoV-2 test between January 26, 2020 (i.e., the first documented
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SARS-CoV-2 infection in any province) and September 9, 2021. We excluded individuals who: were missing data on the unique
encoded identifiers, age, or sex; were not eligible for provincial health insurance on the specimen collection date for the first positive
SARS-CoV-2 test (index date); had a history of myocarditis or pericarditis within one year to four days prior to the index date; and/or
had received any doses of COVID-19 vaccine during 21 days before or after the index date.

Both cohorts were followed up to September 30, 2021.

2.3. Exposures of interest

For the vaccination cohort, the primary exposure was the receipt of the second mRNA vaccine dose (with varying products and
dosing intervals, categorized as 15-30 days, 31-55 days, and >56 days). For the infection cohort, the primary exposure was the first
laboratory-confirmed SARS-CoV-2 infection ascertained by RT-PCR.

2.4. Outcomes

The primary outcome for both cohorts was a record of an incident hospitalization or emergency department (ED) visit with a
diagnosis of myocarditis or pericarditis (with hospitalizations and ED visits treated equally). For the vaccination cohort, an occurrence
of myocarditis/pericarditis was considered a vaccine-associated event if it occurred between 1 and 21 days following the receipt of the
second vaccine dose. For the infection cohort, the occurrence of myocarditis/pericarditis was deemed as an infection-associated event
if it occurred between —3 and 21 days of the specimen collection of the first positive SARS-CoV-2 test, as the test may occur after the ED
visit or hospitalization. ICD-10 diagnostic codes 140, 141, and 1514, were used to identify cases of myocarditis, whereas 130 and 132
were used to detect cases of pericarditis (Supplemental Table 2) [14].

2.5. Covariate measurements
Covariates included age at the time of exposure (12-17, 18-29, 30-39, and >40 years) and sex.
2.6. Statistical analyses

Baseline descriptive statistics (frequencies and percentages) were generated separately for individuals who had received BNT162b2
or mRNA-1273 as the second COVID-19 vaccine dose and for those with a laboratory-confirmed SARS-CoV-2 infection. Additionally,
descriptive statistics were computed for those who experienced a hospitalization or ED visit for myocarditis or pericarditis following
each of the above exposures, including mean length of stay (LOS) for all cases admitted to hospital, by sex, age group, date of outcome,
vaccine brand, dosing interval and vaccine schedule (homologous or heterologous) as appropriate. We calculated overall and age- and
sex-stratified incidence of hospitalizations or ED visits for myocarditis or pericarditis per 1,000,000 persons following an exposure, and
subsequently estimated incidence ratios (IR) and 95% confidence intervals comparing incidence after mRNA vaccination (by brand)
with incidence after SARS-CoV-2 infection. Next, we estimated overall and age- and sex-stratified post-vaccination incidence of
hospitalizations or ED visits for myocarditis/pericarditis for each vaccine brand, stratified by varying dosing intervals, and IRs between
longer dosing intervals versus the shortest dosing interval. We also estimated crude, and age/sex adjusted (using the random intercept
Poisson regression model) incidence of hospitalizations or ED visits for myocarditis/pericarditis for various vaccine schedules by
dosing intervals. Finally, to provide context for the prior incidence estimates, the risk of hospitalization for COVID-19 following a
laboratory-confirmed SARS-CoV-2 infection was determined. During the initial three months (January to March 2020), hospitaliza-
tions related to COVID-19 were identified as any admission taking place within —3 to 21 days of the specimen collection for the first
PCR-confirmed SARS-CoV-2 test. However, starting from April 2020 onwards, it was defined as a hospital admission having an ICD-10
diagnostic code of U07.1 occurring within —3 to 21 days of the specimen collection for the first PCR-confirmed SARS-CoV-2 test.

Each province conducted all analyses separately, and the province-specific estimates (incidence and IRs) were pooled. We modeled
events directly in a one-stage meta-analysis using the mixed-effects conditional Poisson likelihood within provinces, allowing for
random effects on the province-specific effects (the log IRs) [15]. Heterogeneity was estimated using the maximum likelihood esti-
mation method. In instances where the generalized linear mixed model did not converge, the inverse variance random-effects model
was used with the restricted maximum likelihood estimator for heterogeneity. Analyses were conducted using SAS version 9.4 (SAS
Institute Inc., Cary, NC) and R version 4.1.2 using the meta package [16].

3. Results
3.1. Descriptive characteristics of the cohorts

A total of 18,860,817 individuals were included in the multi-provincial vaccination cohort. Of these, 13,106,504 (69%) received
BNT162b2 and 5,754,313 (31%) received mRNA-1273 as the second COVID-19 vaccine dose. A slightly higher proportion of those
administered BNT162b2 were female (53%). Among both vaccine product groups, the majority of individuals (62-71%) had a dosing
interval of >56 days. Overall, 79% received a homologous vaccine schedule (95% for BNT162b2 and 44% for mRNA-1273). A majority
(55%) of individuals received a second dose between July and September 2021. During the enrollment period, a total of 860,335
individuals with a positive SARS-CoV-2 test were identified, with approximately half (51%) aged >40 years (Supplemental Table 3).



Table 1
Incidence of hospitalizations or emergency department visits for myocarditis or pericarditis within 21 days following a laboratory-confirmed SARS-CoV-2 infection or receipt of BNT162b2 (Pfizer-
BioNTech Comirnaty) or mRNA-1273 (Moderna SpikeVax) as the second COVID-19 vaccine dose in 3 Canadian provinces, up to September 30, 2021.

Incidence per 1,000,000 persons (95% CI) Incidence ratio, BNT162b2 vs. SARS-CoV-2 infection Incidence ratio, mRNA-1273 vs. SARS-CoV-2 infection

‘I 32 PaaADN 7

95% CI 95% CI
Sex Age SARS-CoV-2 BNT162b2 (Second mRNA-1273 (Second (©5% €D (95% €D
infection dose) dose)
Both Allages 1936 27.5 (17.8-42.4) 52.5 (46.9-58.7) 0.14 (0.07-0.29) 0.28 (0.20-0.39)
sexes (138.8-270.2)
Females  Allages  132.8(94.9-185.8)  14.7 (6.1-34.9) 28.3 (18.8-42.6) 0.11 (0.04-0.28) 0.21 (0.13-0.33)
12-17 NA® 22.4 (13.3-37.8) NA® NA? NA®
yrs
18-29 98.7 (48.1-203.5)  19.1 (4.6-79.7) 58.8 (33.5-103.2) 0.25 (0.06-0.95) 0.62 (0.30-1.29)
yrs
30-39 139.8 (77.4-252.4)  13.4 (5.8-31.0) 41.3 (26.3-64.7) 0.12 (0.03-0.39) 0.34 (0.11-1.06)
yrs
>40yrs 1746 (94.6-322.0) 121 (4.3-34.2) 16.3 (10.6-25.1) 0.07 (0.02-0.24) 0.09 (0.04-0.21)
Males Allages  246.4 40.6 (31.9-51.8) 78.1 (68.5-88.9) 0.16 (0.09-0.29) 0.32 (0.25-0.40)
(177.1-342.9)
12-17 90.0(29.0-279.1)  132.1 (106.7-163.6)  NA’ 1.16 (0.40-3.41) NA'
yrs
18-29 158.3 (97.0-258.3)  75.4 (41.9-135.7) 264.7 (223.5-313.6) 0.47 (0.27-0.81) 1.68 (1.00-2.82)
yrs
30-39 1331 (71.6-247.4)  36.8 (25.9-52.3) 85.7 (63.3-115.9) 0.27 (0.13-0.56) 0.64 (0.32-1.27)
yrs
>40yrs  349.8 18.4 (12.7-26.6) 26.0 (19.7-34.4) 0.05 (0.02-0.14) 0.08 (0.03-0.18)

(182.5-670.6)

2 The numerator was zero.

155922 (+20Z) 01 uofjoH



Z. Naveed et al. Heliyon 10 (2024) e26551

3.2. Descriptive characteristics of myocarditis/pericarditis cases

In the vaccination cohort, a total of 317 myocarditis and 375 pericarditis events were observed. These individuals were pre-
dominantly male (70%) and aged 18-29 years (38%). Higher proportions of cases (54%) received a homologous BNT162b2 primary
schedule or had a dosing interval of >56 days (56%), consistent with the proportions of participants within the respective categories in
the population. In the infection cohort, 84 myocarditis and 77 pericarditis events were observed. Like the vaccination cohort, a higher
proportion of events occurred among males, particularly for myocarditis (73%). However, in contrast to the vaccination cohort, the
majority (77%) of post-infection myocarditis events occurred among those aged >40 years. A total of 56% of post-vaccination and 75%
of post-infection myocarditis/pericarditis cases were hospitalized. Mean LOS among hospitalized myocarditis or pericarditis cases was
longer for cases following SARS-CoV-2 infection than COVID-19 vaccination for each province (mean LOS with standard deviations =
BC: 17.7 (29.7) vs. 2.8 (3.9) days, ON: 17.0 (19.8) vs. 2.9 (3.5) days and QC: 4.2 (3.7) vs. 4.0 (4.5) days respectively; median LOS = BC:
8.0 vs. 1.0, ON: 9.0 vs. 1.0 and QC: 2.0 vs. 3.0) (Supplemental Table 4).

3.3. Incidence of myocarditis/pericarditis per 1,000,000 persons (infections or second doses administered)

Overall (all ages and sexes combined), the incidence of hospitalizations or ED visits per 1,000,000 persons for myocarditis/peri-
carditis was higher following SARS-CoV-2 infection (193.6; 95%CI, 138.8-270.2) than after receiving a second COVID-19 mRNA
vaccine dose (BNT162b2 = 27.5; 95%CI, 17.8-42.4 and mRNA-1273 = 52.5; 95%CI, 46.9-58.7). The incidence of myocarditis/
pericarditis was significantly lower after receiving either vaccine than after infection (for BNT162b2, IR = 0.14; 95%CI, 0.07-0.29 and
for mRNA-1273, IR = 0.28; 95%CI, 0.20-0.39). Similar findings were observed in the sex-stratified analysis (among all ages) (Table 1).

Table 2

Incidence of hospitalizations or emergency department visits for myocarditis or pericarditis within 21 days following receipt of BNT162b2 (Pfizer-
BioNTech Comirnaty) or mRNA-1273 (Moderna SpikeVax) as the second COVID-19 vaccine dose in 3 Canadian provinces, by varying dosing in-
tervals, up to September 30, 2021.

Vaccine (second Sex Age Incidence per 1,000,000 persons (95% CI) Incidence ratio, Incidence ratio,
dose) Dosing interval Dosing interval Dosing interval 81-55 days vs. 0 256 daéls Vs N
15-30 days 3155 days >56 days 15-30 days (95% 15-30 days (95%
CD CD
BNT162b2 Both All ages 76.8 (47.6-123.8) 30.0 (19.9-45.1) 22.9 (12.7-41.1) 0.43 (0.30-0.61) 0.28 (0.19-0.41)
sexes
Females All ages 49.4 (17.8-137.2) 15.3 (7.4-31.8) 12.6 (4.5-35.5) 0.30 (0.15-0.63) 0.27 (0.15-0.51)
12-17 64.5 (26.8-154.9) 15.9 (6.6-38.4) 38.1 (17.1-84.7) 0.29 (0.07-1.13) 0.30 (0.02-3.75)
yrs
18-29 129.5 17.1 (7.1-40.9) 22.8 (4.9-105.8) 0.17 (0.05-0.61) 0.31 (0.11-0.85)
yrs (42.6-393.4)
30-39 66.3 (19.2-229.1) 23.4 (8.2-66.6) 17.3 (9.0-33.3) 0.26 (0.04-1.66) 0.35 (0.07-1.79)
yrs
>40 yrs 48.2 (10.4-224.2) 13.2 (6.3-27.7) 12.1 (4.2-35.2) 1.05 (0.07-16.90) 0.33 (0.10-1.05)
Males All ages 104.1 47.1 (34.4-64.3) 33.9 (23.3-49.2) 0.45 (0.30-0.69) 0.28 (0.19-0.41)
(73.9-146.4)
12-17 215.8 112.5 133.6 0.57 (0.32-1.00) 0.71 (0.35-1.44)
yrs (135.9-342.5) (82.2-153.9) (91.6-194.8)
18-29 219.6 52.9 (32.9-85.1) 79.9 (42.8-149.6) 0.29 (0.12-0.66) 0.35 (0.16-0.74)
yrs (83.9-574.9)
30-39 111.5 22.9 (10.6-49.5) 43.8 (28.5-67.1) 0.28 (0.08-1.01) 0.51 (0.16-1.58)
yrs (46.4-267.9)
>40 yrs 26.1 (8.4-81.0) 13.3 (6.3-27.9) 19.4 (13.0-28.9) 0.78 (0.16-3.89) 1.11 (0.27-4.59)
mRNA-1273 Both All ages 117.2 70.1 (58.9-83.3) 39.6 (27.2-57.6) 0.63 (0.44-0.90) 0.26 (0.18-0.38)
sexes (85.6-160.4)
Females All ages 60.5 (31.7-115.2) 25.0 (16.3-38.4) 26.8 (15.5-46.3) 0.48 (0.22-1.06) 0.32 (0.15-0.68)
12-17 NA NA NA NA NA
yrIs
18-29 90.1 (26.1-311.2) 44.8 (24.8-80.9) 85.4 (50.6-144.2) 0.87 (0.19-3.93) 0.92 (0.20-4.33)
yrs
30-39 169.0 22.3 (9.3-53.6) 64.3 (36.5-113.3) 0.20 (0.02-1.66) 0.46 (0.12-1.80)
yrs (52.7-542.5)
>40 yrs 50.9 (21.2-122.3) 17.8 (8.0-39.6) 15.5 (8.8-27.4) 0.39 (0.11-1.40) 0.29 (0.09-0.89)
Males All ages 181.1 112.7 52.3 (38.4-71.3) 0.64 (0.42-0.96) 0.24 (0.16-0.37)
(126.6-258.9) (93.2-136.2)
12-17 NA NA NA NA NA
yrIs
18-29 447.3 257.5 239.4 0.58 (0.35-0.95) 0.46 (0.26-0.83)
yrs (288.6-693.3) (204.7-323.9) (171.4-334.4)
30-39 201.1 90.6 (59.7-137.6) 69.9 (40.6-120.5) 0.44 (0.19-1.04) 0.39 (0.14-1.04)
yrs (98.3-411.3)
>40 yrs 46.2 (16.2-131.9) 30.0 (17.0-52.8) 25.6 (17.5-37.5) 0.88 (0.25-3.13) 0.59 (0.18-1.94)
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Further stratification by age exhibited significantly lower incidence of myocarditis or pericarditis following BNT162b2 compared to
SARS-CoV-2 infection for all age groups (except 12-17 years) among females. However, comparing mRNA-1273 to SARS-CoV-2,
significantly lower incidence was observed only for those aged >40 years. Among males, those aged >18 years had a significantly
lower incidence of myocarditis/pericarditis after BNT162b2 vaccination than after SARS-CoV-2 infection. In contrast, the incidence of
myocarditis/pericarditis after mRNA-1273 vaccination was significantly lower than after SARS-CoV-2 infection only for those aged
>40 years (IR = 0.08, 95%CI, 0.03-0.18). For the vaccination cohort, the highest incidence was observed among males aged 18-29
years after receipt of mRNA-1273 as a second dose (264.7; 95%CI, 223.5-313.6). In comparison, in the infection cohort, the incidence
among males aged 18-29 years was 158.3 (95%CI, 97.0-258.3) and the IR was 1.68 (95%CI, 1.00-2.82). The highest incidence in the
infection cohort was observed among males aged >40 years (349.8; 95%CI, 182.5-670.6) (Table 1). The province-specific IRs are
presented in Supplemental Table 5.

3.4. Incidence of myocarditis/pericarditis per 1,000,000 persons by dosing interval

The overall incidence of myocarditis/pericarditis was significantly lower in individuals with longer dosing intervals for both
vaccine products. For BNT162b2, the IR was 0.43 (95%(CI, 0.30-0.61) when comparing a dosing interval of 31-55 days vs. 15-30 days
and 0.28 (95%CI, 0.19-0.41) when comparing a dosing interval of >56 days vs. 15-30 days, whereas for mRNA-1273, the corre-
sponding IRs were 0.63 (95%CI, 0.44-0.90) and 0.26 (95%CI, 0.18-0.38). The trend was similar among males and females (Table 2).
The age/sex adjusted estimates of the incidence of myocarditis/pericarditis following COVID-19 vaccination by vaccine schedule and
dosing interval are presented in Table 3. Within three primary vaccination schedules of mRNA vaccines (two homologous and
BNT162b2 followed by mRNA-1273), the adjusted incidence of myocarditis/pericarditis was significantly higher for individuals with
shorter dosing intervals (Table 3). Among those who had a dosing interval of 15-30 days, few (<2%) received their second dose before
21 days.

3.5. Hospitalization post COVID-19 Vs. myocarditis/pericarditis-related hospitalization or ED visits post mRNA vaccination

We observed a considerably higher risk of COVID-19-related hospitalization after laboratory-confirmed SARS-CoV-2 infection
compared to the risk of myocarditis/pericarditis-related hospitalization or ED visit after either mRNA COVID-19 vaccine (Table 4 and
Fig. 1).

4. Discussion

In this multi-provincial population-based study, the overall incidence of hospitalizations or ED visits for myocarditis/pericarditis
after a second dose of mRNA COVID-19 vaccine was 28 per million doses of BNT162b2, and 53 per million doses of mRNA-1273
vaccine, while the corresponding incidence after SARS-CoV-2 infection was 194 per million laboratory-confirmed infections. Risk
of myocarditis/pericarditis after vaccination was higher with a shorter dosing interval and among younger males, while the incidence
after infection was higher among older individuals. Importantly, the overall incidence of myocarditis/pericarditis after SARS-CoV-2
infection was 4-fold higher than after receiving mRNA-1273 as a second dose and 7-fold higher than after receiving BNT162b2 as a
second dose. This finding was particularly pronounced in individuals aged >40 years but was also present in younger males who
received BNT162b2. The incidence exhibited a graded negative association with increasing dosing interval for both homologous and
heterologous vaccination schedules. To provide additional context, we observed a considerably higher risk of COVID-19-related
hospitalization following PCR-confirmed infection (58,393 per million persons) than the risk of myocarditis/pericarditis-related
hospitalization or ED visit following receipt of either mRNA vaccine (28-53 events per million persons). These findings suggest a
lower risk of myocarditis/pericarditis after vaccination than after infection and highlight that the risk of COVID-19 hospitalization
after infection is much higher than the risk of myocarditis/pericarditis after vaccination. Our analysis also provides insight into
strategies to reduce risk of vaccine-related myocarditis/pericarditis (e.g., longer dosing intervals, preferential use of BNT162b2 in
younger individuals) that were incorporated in provincial COVID-19 vaccination programs in 2021 [9,17].

Table 3

Adjusted incidence of hospitalizations or emergency department visits for myocarditis or pericarditis within 21 days following receipt of BNT162b2
(Pfizer-BioNTech Comirnaty) or mRNA-1273 (Moderna SpikeVax) as the second COVID-19 vaccine dose in 3 Canadian provinces, by varying vaccine
schedules, up to September 30, 2021.

Vaccine schedule (First dose/ Incidence per 1,000,000 persons (95% CI) Incidence ratio, Incidence ratio,

second dose) . . . 31-55 days vs. 15-30 days >56 days vs. 15-30 days
Dosing interval Dosing interval ~ Dosing interval (95% CI) (95% CI)
15-30 days 31-55 days >56 days

BNT162b2/BNT162b2 81.8 34.7 21.6 0.47 (0.33-0.67) 0.25 (0.17-0.37)
(48.8-137.3) (22.9-52.3) (11.6-40.2)

mRNA-1273/mRNA-1273 100.1 59.2 49.4 0.61 (0.39-0.97) 0.40 (0.25-0.63)
(68.6-145.9) (46.3-75.6) (36.4-66.9)

BNT162b2/mRNA-1273 173.6 70.3 35.7 0.46 (0.23-0.91) 0.22 (0.11-0.47)
(96.1-313.5) (53.4-92.5) (24.9-51.1)
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Table 4
Incidence of hospitalizations for COVID-19 within 21 days following a laboratory-confirmed SARS-CoV-2 infection
in 3 Canadian provinces, up to September 30, 2021.

Sex Age Incidence per 1,000,000 persons (95% CI)
Both sexes All ages 58,392.5 (54,855.7-62,157.3)
Females All ages 50,990.1 (47,690.9-54,517.6)
12-17 yrs 3084.3 (1576.7-6033.4)
18-29 yrs 7955.8 (4394.2-14,404.1)
30-39 yrs 18,032.9 (10,174.0-31,962.5)
>40 yrs 87,869.3 (81,494.0-94,743.4)
Males All ages 66,164.9 (62,537.5-70,002.9)
12-17 yrs 2785.2 (1610.2-4817.7)
18-29 yrs 8176.4 (5835.9-11,455.6)
30-39 yrs 23,510.9 (17,804.5-31,046.1)
>40 yrs 121,422.1 (110,949.4-132,883.4)
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O Incidence of COVID-19 related hospitalization per 1,000,000 persons after SARS-CoV-2 infection

Fig. 1. Title: Incidence of COVID-19 hospitalization vs. incidence of hospitalizations or emergency department visits for mRNA vaccine or SARS-
CoV-2 infection associated myocarditis/pericarditis.

Legend: Incidence of hospitalizations for COVID-19 within 21 days following a laboratory-confirmed SARS-CoV-2 infection compared to incidence
of hospitalizations or emergency department visits for myocarditis or pericarditis within 21 days following a laboratory confirmed SARS-CoV-2
infection or receipt of BNT162b2 or mRNA-1273 as the second COVID-19 vaccine dose in 3 Canadian provinces.

Our finding of higher incidence of hospitalization or ED visits for myocarditis/pericarditis after SARS-CoV-2 infection than after
mRNA vaccines generally aligns with previous studies. Using electronic health record data from 40 healthcare systems in the USA,
Block et al. observed a significantly higher risk of myocarditis/pericarditis among males and females aged >12 years within 21 days
after SARS-CoV-2 infection compared to after a second dose of mRNA vaccines [18]. However, the results were not reported by vaccine
product. Similarly, two self-controlled case series studies conducted by Patone et al. reported overall higher numbers of excess
myocarditis events per million people after SARS-CoV-2 infection versus the second dose of either mRNA vaccine (risk period of 1-28
days). However, the age-stratified analysis showed a higher risk of myocarditis post-second dose of mRNA-1273 than post SARS-CoV-2
infection among males younger than 40 years [19,20]. In our study, compared to SARS-CoV-2 infection, we observed a non-significant
higher incidence of myocarditis/pericarditis after BNT162b2 among males aged 12-17 years and after mnRNA-1273 among males aged
18-29 years. Finally, in a systematic review and meta-analysis, Voleti et al. identified a 7-fold higher risk of myocarditis after
SARS-CoV-2 infection than after COVID-19 vaccination. While the meta-analysis was limited by varying methods of myocarditis
diagnosis and a wide variation in the follow-up times among the studies included, our results corroborate their estimates [12]. Our
findings have implications for building vaccine confidence and reducing vaccine hesitancy, considering the higher risk of myo-
carditis/pericarditis following SARS-CoV-2 infection compared to mRNA vaccination in patients aged >40 years as well as in younger
patients receiving BNT162b2.

We observed a graded lower incidence of myocarditis or pericarditis with longer dosing intervals compared to the shortest interval
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(15-30 days), irrespective of the first vaccine product. Overall, the lowest incidence occurred among individuals with dosing intervals
of >56 days. Our findings corroborate the results of another study conducted in Ontario. Buchan et al. reported significantly higher
overall rates of myocarditis/pericarditis identified based on passive safety surveillance reports when the dosing interval was <30 days
compared with >56 days for either mRNA vaccine received as the second dose [10]. In an exploratory analysis presented at the US
Advisory Committee on Immunization Practices (ACIP) meeting, for the majority of the myocarditis/pericarditis cases, the mRNA
primary series dosing interval was <30 days [21]. However, the US adhered closely to the dosing intervals outlined in the product
monographs, with minimal deviations. Although our study was not focused on effectiveness, previous studies have shown that a longer
interval between the two primary series doses is associated with a higher antibody response and increased effectiveness against
infection [22,23]. Thus, a dosing interval longer than the initial minimum 3-4 weeks recommendation may be optimal, especially for
younger age groups among whom we observed a higher risk of post-vaccination myocarditis.

Our study had several strengths. This is the largest Canadian study, including approximately 70% of the country’s population, that
provides quantitative estimates of the comparative risk of myocarditis/pericarditis after SARS-CoV-2 infection or COVID-19 mRNA
vaccination, stratified by mRNA vaccine type, sex, and age. The study also further provides insight into the relatively understudied
potential association between dosing interval and myocarditis/pericarditis. The multi-provincial nature of the study enhanced the
power to study rare outcomes. Due to the exclusion of any individual with a history of myocarditis/pericarditis within one year
preceding the date of exposure, the likelihood of a previous history of myocarditis/pericarditis increasing the risk of postexposure
occurrence was mitigated.

Our study did not aim to investigate the molecular basis or pathogenesis of SARS-CoV-2 or vaccine associated myocarditis/peri-
carditis. Future research, particularly among the younger population, could focus on exploring these critical aspects. Furthermore, we
primarily focused on the first occurrence of myocarditis/pericarditis post vaccination or infection. However, given the recent reports of
recurrent myocarditis following mRNA COVID-19 vaccine despite a prior episode with full clinical recovery among adolescents [24],
follow-up studies to comprehensively examine this phenomenon among both vaccine and infection-associated myocarditis cases are
warranted.

5. Limitations

Certain limitations should be considered. First, due to the non-availability of clinical and imaging data, the diagnosis of
myocarditis/pericarditis was based on ICD-10 diagnostic codes rather than the standardized case definition criteria from the Brighton
Collaboration for myocarditis/pericarditis following COVID-19 vaccination [25,26]. Thus, there is the possibility of outcome
misclassification. Second, it is possible that the incidence of post-infection myocarditis/pericarditis has been underestimated using
hospitalization data due to coding practices. Specifically, a patient admitted with both COVID-19 and myocarditis may have had
COVID-19 recorded as the primary diagnosis, resulting in underreporting of myocarditis cases. Furthermore, based on the definition
used in our study, individuals who develop myocarditis during their hospital stay may also be missed in the data. Third, as we relied on
hospital and ED visit data, we might have missed less severe cases of myocarditis/pericarditis that did not require medical attention or
only required care from primary care providers. Fourth, as we excluded anyone diagnosed with SARS-CoV-2 within 21 days before or
after vaccination and those vaccinated within 21 days before or after SARS-CoV-2 infection, we might have underestimated myo-
carditis/pericarditis events in our two cohorts. However, there is no evident reason to believe that this underestimation would be
differential among the groups being compared. Fifth, our study was limited to PCR-confirmed SARS-CoV-2 cases and may have resulted
in underestimation of milder myocarditis/pericarditis cases that were probably not linked with preceding PCR testing or in over-
estimation of SARS-CoV-2-associated myocarditis/pericarditis by considering only PCR-positive infections as a denominator. How-
ever, our approach provides enhanced reliability of diagnosis. PCR testing was available without any restriction during the
pre-Omicron period. During the Omicron period (starting December 2021) and later, point of care (PoC) tests became widely avail-
able and were used by patients at home. At that time, PCR testing was restricted to those presenting at hospitals and people at risk of
severe disease. Thus, PoC was not a major issue during the study period (January 2020 to September 2021). Sixth, due to the un-
availability of whole genome sequencing data for all PCR-confirmed cases in our study, we were unable to stratify by SARS-CoV-2
variants. Throughout the study period, the Alpha variant was predominant until June 2021, at which point the Delta variant
emerged around May 2021 and swiftly became the predominant strain by July 2021. Seventh, due to the rarity of the outcomes, the
results of the sub-stratified analysis (by age and sex) should be interpreted cautiously. Finally, the findings of this study are reflective of
the SARS-CoV-2 epidemiology and COVID-19 vaccination policy and practices during the study period and may not be generalizable to
the present day. Thus, future research is needed to determine if the risk of myocarditis/pericarditis after SARS-CoV-2 infection with
Omicron remains higher than the risk of myocarditis/pericarditis after an updated mRNA COVID-19 booster dose.

6. Conclusion

The absolute risk of myocarditis and pericarditis after COVID-19 mRNA vaccination appears to be low. Comparatively, SARS-CoV-2
infection carries a greater risk of myocarditis/pericarditis than receiving a second dose of either of the mRNA vaccines used in Canada,
although findings vary by sex and age. For most age and sex groups, the risk of developing myocarditis/pericarditis after vaccination is
outweighed by the risk that follows laboratory-confirmed SARS-CoV-2 infection. Furthermore, the risk of a COVID-19 hospitalization
after SARS-CoV-2 infection remains much higher than the risk of myocarditis post-vaccination. Dosing intervals that are longer than
those recommended by manufacturers may lower the risk of post-vaccination myocarditis/pericarditis. Our study findings support the
national guidelines in place at the time of study conduct (i.e., continued use of mRNA COVID-19 vaccines with a longer interval [at
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least 8 weeks] between the two primary series doses and the preferential use of BNT162b2 for the primary vaccine series in those
younger than 30 years).
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