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Objectives: We aimed to estimate the rate of myocarditis after the messenger RNA (mRNA) COVID-19 

booster vaccination by vaccine type, age, and sex. 

Methods: We used data from the British Columbia COVID-19 Cohort, a population-based cohort surveil- 

lance platform. The exposure was a booster dose of an mRNA vaccine. The outcome was diagnosis of 

myocarditis during hospitalization or an emergency department visit within 7-21 days of booster vacci- 

nation. 

Results: The overall rate of myocarditis was lower for the booster dose (6.41, 95% confidence interval 

[CI]: 3.50-10.75) than the second dose (17.97, 95% CI: 13.78-23.04); (Rate ratio booster vs dose-2 = 0.34, 95% 

CI: 0.17-0.61). This difference was more apparent for the mRNA-1273 vaccine type. After the second dose, 

the myocarditis rate in males was significantly lower for BNT162b2 than mRNA-1273 overall and among 

those aged 18-39 years. In contrast, after the booster dose, no significant differences between myocarditis 

and vaccine type was observed overall or within the specific age groups among males or females. 

Conclusion: Myocarditis after mRNA COVID-19 vaccines is a rare event. A lower absolute risk of myocardi- 

tis was observed after a booster dose of mRNA vaccine than the primary series second dose. 

© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Studies have found messenger RNA (mRNA) COVID-19 vaccines 

o be associated with myocarditis, particularly among younger 

en, after a second dose of mRNA-1273 [ 1 , 2 ]. However, limited

opulation-based research has been conducted to assess the safety 

f booster doses. Particularly, a direct safety comparison between 

he two mRNA COVID-19 vaccines is understudied. We estimated 

he rate of myocarditis after a booster dose of mRNA vaccine by 

accine type, age, and sex, followed by a comparison between the 

RNA vaccine types. 
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ethods 

We used data from the British Columbia COVID-19 Cohort 

BCC19C). The BCC19C integrates provincial COVID-19 data sets 

laboratory testing, case surveillance, provincial immunization reg- 

stry, hospitalizations) with administrative health and registry data 

oldings for the British Columbia population (medical visits, hos- 

ital admissions, emergency department visits, chronic conditions, 

ispensations, mortality, among others) (Supplemental Table-S1). 

ur study included individuals aged ≥18 years who received an 

RNA booster vaccination (BNT162b2 or mRNA-1273) between De- 

ember 15, 2020 and July 10, 2022. Individuals with a history of 

yocarditis within 1 year before the vaccine dose, residents of 

ong-term care facilities, and those whose vaccine dose was ad- 

inistered outside of British Columbia were excluded from the 

nalyses. The outcome of interest was the diagnosis of myocarditis 

International Classification of Diseases Tenth Revision codes I40.1, 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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Table 1 

Myocarditis events post second and booster doses, rates per million doses, and RR (BNT162b2/MRNA-1273) by vaccine product, age, and sex during a 7-day risk window in British Columbia. 

OVERALL 

Dose 2 Dose 3 Rate ratio booster vs dose 2 (95% CI) 

Cases Doses Rate Cases Doses Rate 

62 3,459,609 17.92 (13.74-22.97) 14 2,299,909 6.08 (3.32-10.21) 0.34 (0.17-0.61) 

BOTH MALES & FEMALES 

Dose 2 Dose 3 

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

Cases doses Rate Cases doses Rate Cases doses Rate Cases doses Rate 

26 2,448,522 10.62 (6.94 - 15.56) 36 1,011,087 35.60 (24.94 - 49.29) 0.30 (0.17 - 0.51) 6 1,057,096 5.67 (2.08-12.35) 8 1,242,813 6.43 (2.77-12.68) 0.88 (0.31-2.54) 

MALES 

Dose 2 Dose 3 

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

Cases doses Rate Cases doses Rate Cases doses Rate Cases doses Rate 

Total 20 1,154,571 17.32 (10.58-26.75) 31 510,179 60.76 (41.28-86.25) 0.28 (0.16-0.50) 4 479,933 8.33 (2.27-21.34) 4 571,928 6.99 (1.90-17.91) 1.19 (0.29-4.76) 

Age (Years) 

18-29 13 243,946 53.29 (28.37-91.13) 23 102,223 224.99 (143.63-337.61) 0.23 (0.12-0.47) 2 107,083 18.67 (2.26-67.46) 1 25,599 39.06 (0.98-217.65) 0.47 (0.04-5.27) 

30-39 1 208,513 4.79 (0.12-26.72) 7 96,288 72.69 (29.23-149.78) 0.06 (0.01-0.53) 1 65,867 15.18 (0.38-84.58) 1 86,618 11.54 (0.29-64.32) 1.31 (0.08-21.02) 

40-49 1 165,804 6.03 (0.15-33.60) 1 73,795 13.55 (0.34-75.50) 0.44 (0.03-7.12) 1 57,518 17.38 (0.44-96.86) 0 80,768 0.00 (0.00-45.67) NA 

≥50 5 536,308 9.32 (3.03-21.75) 0 237,873 0.00 (0.00-15.51) NA 0 249,465 0.00 (0.00-14.78) 2 378,943 5.27 (0.63-19.06) NA 

FEMALES 

Dose 2 Dose 3 

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

Cases doses Rate Cases doses Rate Cases doses Rate Cases doses Rate 

Total 6 1,293,951 4.64 (1.70-10.09) 5 500,908 9.98 (3.24-23.29) 0.46 (0.14-1.52) 2 577,163 3.46 (0.42-12.52) 4 670,885 5.96 (1.62-15.26) 0.58 (0.11-3.17) 

Age (Years) 

18-29 3 249,099 12.04 (2.48-35.19) 1 92,710 10.78 (0.27-60.09) 1.12 (0.12-10.73) 0 128,948 0.00 (0.00-28.61) 0 37,979 0.00 (0.00-97.13) NA 

30-39 0 224,816 0.00 (0.00-16.41) 2 88,631 22.56 (2.73-81.51) NA 0 78,845 0.00 (0.00-46.78) 1 101,484 9.85 (0.25-54.90) NA 

4-49 1 191,335 5.22 (0.13-29.12) 0 71,191 0.00 (0.00-51.81) NA 0 73,372 0.00 (0.00-50.27) 0 95,822 0.00 (0.00-8.49) NA 

≥50 2 628,701 3.18 (0.38-11.49) 2 248,376 8.06 (0.97-29.09) 0.39 (0.06-2.80) 2 295,998 6.75 (0.82-24.41) 3 435,600 6.88 (1.42-20.12) 0.98 (0.16-5.87) 

CI, confidence interval; mRNA, messenger RNA; RR, rate ratio. 
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40.8, I40.9, and I51.4) during a hospitalization or emergency de- 

artment visit within 7 and 21 days of receiving a booster dose 

first monovalent booster) of an mRNA vaccine. 

The rates of myocarditis per million doses (within 7 and 21 

ays after vaccine administration) were calculated by vaccine type, 

ex, and age group. Rate ratios (RRs) with exact 95% confidence 

ntervals (95% CIs) were used to compare the two types of mRNA 

accines. Separate analyses were conducted after the primary se- 

ies (first and second dose) and the booster dose and for 7- and 

1-day risk windows. 

esults 

A total of 2,299,909 booster doses of an mRNA vaccine, includ- 

ng 1,057,096 BNT162b2 and 1,242,813 mRNA-1273 doses, were ad- 

inistered over the study period. A total of 14 cases of myocarditis 

ere observed after the booster doses, 62 after the second doses, 

nd four after the first doses ( Table 1 , Supplemental Table-S2). The 

verall rate of myocarditis per million doses in the 7-day window 

fter the vaccination was lower for the booster dose (6.08, 95% 

I: 3.32-10.21) than the second dose (17.92, 95% CI: 13.74-22.07), 

ith a rate ratio booster vs dose-2 of 0.34 (95% CI: 0.17-0.61) and a risk 

ifference boos ter vs dose-2 of −11.84 (95% CI: −17.31 to −6.35) per 

illion doses. This lower rate for booster versus the second dose 

as particularly apparent for mRNA-1273 (6.43, 95% CI: 2.77-12.68 

s 35.60, 95% CI: 24.94-49.29) ( Table 1 ). 

Although the myocarditis rate after the booster dose among 

ales was slightly higher for BNT162b2 (rate = 8.33, 95% CI: 2.27- 

1.34) than mRNA-1273 (rate = 6.99, 95% CI: 1.90-17.91), the differ- 

nce was not statistically significant (RR = 1.19, 95% CI: 0.29-4.76). 

imilarly, no significant differences between vaccine type and my- 

carditis were observed within the specific age groups for males 

nd females. 

In contrast, after the second dose, the myocarditis rate in males 

as significantly lower for BNT162b2 than mRNA-1273 overall 

rate BNT162b2 : 17.32, 95% CI: 10.58-26.75; rate mRNA-1273 : 60.76, 95% 

I: 41.28-86.25; RR: 0.28, 95% CI: 0.16-0.50) and among those aged 

8-29 and 30-39 years. 

The analyses for the 21-day risk window demonstrated nine ad- 

itional myocarditis cases, i.e ., a total of 23 cases. The overall rate 

f myocarditis per million booster doses in the 21-day window was 

0.00 (95% CI: 6.33-15.01) and significantly lower than the sec- 

nd dose (RR booster vs dose-2 = 0.45 [95% CI: 0.27-0.37]), as observed 

ith the 7-day period. Overall, within the booster dose, the rate of 

yocarditis was higher for BNT162b2 versus mRNA-1273, but the 

ifference was not statistically significant (Supplemental Table-S3). 

iscussion 

In this population-based cohort study, we observed a lower ab- 

olute risk of myocarditis after a booster dose of mRNA vaccines 

han the primary series second dose (risk difference = −11.84 

95% CI: −17.31 to −6.35]). Although the risk of myocarditis is 

igher for mRNA-1273 versus BNT162b2 after a second dose (par- 

icularly among younger males), no statistically significant differ- 

nce in rates was observed between these two vaccines after the 

ooster dose. 

Few population-based studies have assessed the safety of the 

ooster dose. An assessment of myocarditis after the BNT162b2 

ooster dose among Israeli military population aged 18-24 years 

eported a rate of 6.43 (95% CI: 0.13-12.73) per 10 0,0 0 0 doses [3] .

nother study conducted in Israel, limited to the safety evaluation 

f BNT162b2 vaccine, reported an overall rate of 1.42 myocardi- 

is cases per 10 0,0 0 0 third doses among male recipients. Although 

hey observed a higher post-booster rate of myocarditis than our 
77 
tudy; consistent with our findings, the risk was lower than the 

econd dose (risk difference = −2.72, 95% CI: −3.67 to −1.73). 

urthermore, their higher post-booster dose rate may be due to 

he longer postvaccination follow-up period than ours (30 days 

s 7 days) [4] . An evaluation of Kaiser Permanente Southern Cal- 

fornia members compared the observed to expected myocarditis 

ncidence, identifying a lower observed to expected RR after the 

ooster than the second dose [5] . 

Consistent with our results, a US-based study using the Vaccine 

dverse Event Reporting System (VAERS) data found the reporting 

ate of myocarditis/pericarditis for the booster dose to be signifi- 

antly lower than the second dose (1.44 vs 5.34 events per mil- 

ion doses). In addition, in a disproportionality analysis, this study 

ound the reporting odds ratios of myocarditis/pericarditis for the 

ooster dose to be lower than the second dose. Furthermore, 

ithin the booster vaccination, they observed a slightly higher re- 

orting rate of myocarditis/pericarditis after BNT162b2 (1.47, 95% 

I: 1.16-1.83) than mRNA-1273 (1.40, 95% CI: 1.06-1.81) [6] . Cor- 

oborating our findings, a study by Goddard et al . , using a com- 

ined incidence of myocarditis or pericarditis as the outcome, re- 

orted higher rate after the mRNA-1273 (64.0, 95% CI: 25.7-131.9) 

ersus the BNT162b2 (41.9, 95% CI: 16.9-86.4) booster vaccinations 

mong males aged 18-29 years but a lower rate after the mRNA- 

273 (6.7, 95% CI: 0.2-37.3) versus the BNT162b2 (15.2, 95% CI: 

.1-44.4) booster vaccinations among males aged 30-39 years [7] . 

inally, another study using VAERS data found a higher report- 

ng rate of myocarditis among men aged 18-24 years after the 

RNA-1273 COVID-19 vaccine booster (8.7 per million doses) than 

NT162b2 booster (4.1 per million doses) [8] . None of the stud- 

es discussed above conducted a quantitative comparative analy- 

is. 

A contrasting finding was reported by Patone et al., who con- 

ucted a self-controlled case series study in England. They ob- 

erved an overall higher (although not statistically significant) rate 

f myocarditis 28 days after the booster doses of BNT162b2 than 

he second dose. However, further stratification showed women 

nd the age group ≥40 years to be driving cases after the booster 

ose [9] . This study used a broader set of myocarditis International 

lassification of Diseases Tenth Revision codes and included my- 

carditis cases with known etiology. 

There could be three potential explanations for our finding of 

 lower rate of myocarditis after a booster dose. First, there is a 

ecreased amount of antigen in booster mRNA-1273 dose (50 μg) 

ompared with the primary series (100 μg). Secondly, a longer in- 

erval between administration of second and booster dose com- 

ared with that of first and second dose because it has been ob- 

erved that a longer dose-interval confers a lower risk of myocardi- 

is [10] . Lastly, reduced predisposition, i.e ., the number of individ- 

als at risk of myocarditis may have declined, because those at a 

igher risk may have already developed myocarditis after the sec- 

nd dose and did not receive a booster dose. However, it is diffi- 

ult to disentangle which factors are contributing to the decrease 

n rate. The major strength of this study is the use of comprehen- 

ive population-based datasets. An overall limitation is the impact 

f the rare outcome on statistical power; thus, the interpretation 

f the subgroup analysis results needs caution. 

onclusion 

Myocarditis after mRNA COVID-19 vaccines is a rare event. We 

bserved a lower absolute risk of myocarditis after a booster dose 

han the second dose. In contrast to the second dose, no vaccine- 

pecific differences with myocarditis were observed within the age 

nd sex groups for the booster dose. 
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