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ABSTRACT 

In an updated self-controlled case series analysis of 42,200,614 people aged 13 years or more,  

we evaluate the association between COVID-19 vaccination and myocarditis, stratified by age 

and sex, including 10,978,507 people receiving a third vaccine dose. Myocarditis risk was 

increased during 1-28 days following a third dose of BNT162b2 (IRR 2.02, 95%CI 1.40, 2.91). 

Associations were strongest in males younger than 40 years for all vaccine types with an 

additional 3 (95%CI 1, 5) and 12 (95% CI 1,17) events per million estimated in the 1-28 days 

following a first dose of BNT162b2 and mRNA-1273, respectively; 14 (95%CI 8, 17), 12 (95%CI 1, 

7) and 101 (95%CI 95, 104) additional events following a second dose of ChAdOx1, BNT162b2 

and mRNA-1273, respectively; and 13 (95%CI 7, 15) additional events following a third dose of 

BNT162b2, compared with 7 (95%CI 2, 11) additional events following COVID-19 infection. An 

association between COVID-19 infection and myocarditis was observed in all ages for both 

sexes but was substantially higher in those older than 40 years. These findings have important 

implications for public health and vaccination policy.  

Funding: Health Data Research UK. 

 

MAIN 

Our recent article on the association between COVID-19 vaccination and myocarditis generated 

considerable scientific, policy and public interest [1]. It added to evidence emerging from 

multiple countries that have linked exposure to BNT162b2 messenger RNA vaccine with acute 

myocarditis  [2-8] .In the largest and most comprehensive analysis to date, we confirmed prior 

findings and reported an increase in hospital admission or death from myocarditis following 

three different types of vaccine including both mRNA and adenoviral vaccines.  

Importantly, we also demonstrated that across the entire vaccinated population in England, the 

risk of myocarditis following vaccination was small compared to the risk following a positive 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) test [1]. However, myocarditis is 

more common in younger persons and in males in particular [9, 10]. Additional analyses 

stratified by both age and sex and following a third vaccine dose were requested as vaccine 

campaigns are rapidly being extended to include children and young adults. Furthermore, given 

the consistent observation that the risk of myocarditis is higher following the second dose of 

vaccine compared to the first dose [1, 11], there is an urgent need to evaluate the risk 

associated with a third dose as booster programmes are accelerated internationally to combat 

the omicron variant [12]. 
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We therefore extended our analysis to include persons aged 13 years or more and those 

receiving a third dose to further evaluate the association between COVID-19 vaccination or 

infection and myocarditis, stratified by age and sex.  

In brief, we used the NHS Immunisation Management Service (NIMS) database, which includes 

data for all people receiving a COVID-19 vaccine in England. We linked individual patient data to 

national data for hospital admission, mortality and SARS-CoV-2 testing to examine associations 

between exposures to the first, second or third dose of ChAdOx1, BNT162b2 or mRNA-1273 

vaccine, or a positive SARS-CoV-2 test before or after vaccination, and hospital admission or 

death from myocarditis. The self-controlled case series (SCCS) method [13, 14] compares the 

incidence rate of myocarditis in exposed and unexposed periods within individuals implicitly 

controlling for within person covariates. The incidence rate ratio (IRR) is calculated for hospital 

admission or death in a 1-28 day risk period after vaccination or a positive test, compared to 

baseline periods. The IRR was calculated following stratification by sex and age in those 

younger or older than 40 years. 

Between December 1, 2020, to November 15, 2021 a total of 42,200,614 people were 

vaccinated with at least one dose of ChAdOx1 (n=20,646,456), BNT162b2 (n=20,391,600) or 

mRNA-1273 (n=1,162,558) in England (Supplementary Table 1). Of these, 38,347,981 received 

two doses of either ChAdOx1 (n=20,059,058), BNT162b2 (n=17,294,004) or mRNA-1273 

(n=1,039,919) and 10,978,507 people received a third dose of ChAdOx1 (n=35,608), BNT162b2 

(n=10,599,183) or mRNA-1273 (n=343,716). Amongst people receiving at least one vaccine 

dose, 5,185,772 (12.3%) tested positive for SARS-CoV-2; 2,834,579 (54.7%) prior to vaccination, 

698,993 (13.5%) after a first vaccine dose, 1,604,087 (30.9%) after a second vaccine dose and 

48,113 (0.9%) after a third vaccine dose. Of the 42,200,614 persons included in the study 

population, 2,539 (0.006%) were hospitalised or died from myocarditis during the study period; 

552 (0.001%) of these events occurred during 1-28 days following any dose of vaccine 

(Supplementary Table 2).  

Over the 1-28 days post vaccination, we observed an association with the first dose of ChAdOx1 

(IRR 1.27, 95%CI 1.05, 1.55) and BNT162b2 (IRR 1.37, 95%CI 1.12, 1.67), but not mRNA-1273 

(IRR 1.80, 95%CI 0.91, 3.58; Table 1 and Extended Figure 1). Following a second dose, the risk 

was higher with mRNA-1273 (IRR 13.71, 95%CI 8.46, 22.20) compared to BNT162b2 (IRR 1.60, 

95%CI 1.31, 1.97). No association with a second dose of ChAdOx1 was found. An association 

after a third dose was only observed for BNT162b2 (IRR 2.02, 95%CI 1.40, 2.91). No myocarditis 

events occurred 1-28 days after a third dose in the small number of persons receiving ChAdOx1 

or mRNA-1273 vaccine. The risk of myocarditis was increased in the 1-28 days following a SARS-

CoV-2 positive test (IRR 8.40, 95%CI 6.89, 10.25). 
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In males aged less than 40 years, we observed an increased risk of myocarditis in the 1-28 days 

following a first dose of BNT162b2 (IRR 1.66, 95%CI 1.14, 2.41) and mRNA-1273 (IRR 2.34, 

95%CI 1.03, 5.34); after a second dose of ChAdOx1 (2.57, 95%CI 1.52, 4.35), BNT162b2 (IRR 

3.41, 95% CI 2.44, 4.78) and mRNA-1273 (IRR 16.52, 95%CI 9.10, 30.00); after a third dose of 

BNT162b2 (IRR 7.60, 95%CI 2.44, 4.78); and following a SARS-CoV-2 positive test (IRR 2.02, 

95%CI 1.13, 3.61; Extended Figure 1 and Table 1). In older males, the risk of myocarditis was 

increased 1-28 days following a third dose of BNT162b2 vaccine (IRR 2.48, 95%CI 1.46, 4.19) 

and following a positive test (IRR 5.98, 95%CI 2.83, 12.63). 

In females aged less than 40 years, we only observed an increased risk of myocarditis in the 1-

28 days following a second dose of mRNA-1273 vaccine (IRR 7.55, 95%CI 1.67, 34.12; Figure 1). 

However, the numbers of events were small. In older females, we found no association 

between myocarditis and vaccination. Supplementary Table 4 shows IRRs per week following 

exposure. 

We estimated the number of excess myocarditis events per million persons in the 1-28 days 

following each exposure for the main analysis and by age and sex (Supplemental Table 5 and 

Figure 1). Following the first dose of the ChAdOx1 and BNT162b2 vaccines an additional 1 

(95%CI 0, 2) and 2 (95%CI 1, 2) myocarditis events per million persons exposed would be 

anticipated, respectively. Following the second dose of BNT162b2 and mRNA-1273 an 

additional 2 (95%CI 2, 3) and 36 (95%CI 34, 37) myocarditis events would be anticipated, 

respectively. Following a third dose of BNT162b2 an additional 2 (95%CI 1, 2) myocarditis 

events per million persons would be anticipated. These estimates compare to an additional 30 

(95%CI 29, 31) myocarditis events per million in the 1-28 days following a SARS-CoV-2 positive 

test.   

In males aged less than 40 years, we estimated an additional 3 (95%CI  1, 5)  and 12 (95%CI  1, 

13) myocarditis events per million in the 1-28 days following a first dose of BNT162b2 and 

mRNA-1273, respectively; an additional 14 (95%CI  8, 17), 12 (95%CI  1, 7) and 101 (95%CI  95, 

104) myocarditis events following a second dose of ChAdOx1, BNT162b2 and mRNA-1273, 

respectively; and an additional 13 (95%CI 7, 15) myocarditis events following a third dose of 

BNT162b2 vaccine. This compares with 7 (95%CI 2, 11) additional myocarditis events in the 1-28 

days following a positive SARS-CoV-2 test. In older males, we estimated 3 (95% CI 2, 4) and 73 

(95% 71, 75) additional myocarditis events per million following a third dose of BNT162b2 and a 

positive SARS-CoV-2 test, respectively.  

In females aged less than 40 years, we estimated an additional 8 (95% CI 4, 9) and 7 (95% CI 6, 

8) events per million following a second dose of mRNA-1273 and a positive SARS-CoV-2 test, 

respectively. In older females, we estimated no additional myocarditis events following 
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vaccination, but an additional 39 (95% CI 37, 40) events per million following a positive SARS-

CoV-2 test. 

We report several observations that may have implications for policy makers and the public. 

First, we confirm and extend our previous findings in more than 42 million persons that the risk 

of hospitalization or death from myocarditis following COVID-19 infection is higher than the risk 

associated with vaccination in the overall population. Second, the risk of myocarditis is greater 

following sequential doses of mRNA vaccine than sequential doses of the adenovirus vaccine. 

For the first time, we observe an increase in myocarditis events following a third dose of 

BNT162b vaccine. Whilst the incidence rate ratios are higher sequentially following each dose 

of mRNA vaccine, the risk remains small in the overall population with an estimated 2 

additional cases of myocarditis per million following a booster dose of BNT162b. Third, we 

report the risk associated with vaccination and infection in younger persons stratified by sex. 

Despite more myocarditis events occurring in older persons, the risk following COVID-19 

vaccination was largely restricted to younger males aged less than 40 years, where the risks of 

myocarditis following vaccination and infection were similar. However, the notable exception 

was that in younger males receiving a second dose of mRNA-1273 vaccine, the risk of 

myocarditis was higher following vaccination than infection, with an additional 101 events 

estimated following a second dose of mRNA-1273 vaccine compared to 7 events following a 

positive SARS-CoV-2 test.  

There are some limitations we should acknowledge. First, the number of people receiving a 

third dose of ChAdOx1, or mRNA-1273 vaccine was too small to evaluate the risk of 

myocarditis. Second, we relied on hospital admission codes and death certification to define 

myocarditis, and it is possible that we have over or underestimated risk, due to 

misclassification. Third, although we were able to include 2,136,189 children aged 13 to 17 

years old in this analysis, the number of myocarditis events was too small (n=43 in all periods 

and n=15 in the 1-28 days post vaccination) in this population and precluded an evaluate of risk. 

Given our observation that risk is largely confined to males under the age of 40 years further 

research is needed pooling data from international studies to evaluate further the risks in 

children.   

In summary, the risk of hospital admission or death from myocarditis is greater following 

COVID-19 infection than following vaccination and remains modest following sequential doses 

of mRNA vaccine including a third booster dose of BNT162b in the overall population. However, 

the risk of myocarditis following vaccination is consistently higher in younger males, particularly 

following a second dose of RNA mRNA-1273 vaccine.   
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Figure LabelsL  

  

Figure 1: (Left panel)  Incidence rate ratios (IRRs) with 95% confidence intervals (CI) and (Right 

panel) number of excess myocarditis events for million people with 95% confidence intervals 

(CI) in the 1-28 day risk periods after the first, second and third dose of ChAdOx1, BNT162b2 

and mRNA-1273 vaccine or a positive SARS-CoV-2 test in (top) a population of 42,200,614 

vaccinated individuals and (bottom) younger males (n=5,893,724), older males (n=11,694,015), 

younger females (n=6,905,830) and older females (n=13,708,352). 
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TABLES 

 

Table 1: Incidence rate ratios (IRR 95% CI) for main analysis and by age group (aged 40 or younger, older than 40) and sex (female 

and male) for the outcomes in pre-defined risk periods immediately before and after exposure to vaccination and before and 

after a positive SARS-CoV-2 test result, adjusted for calendar time from December 1 2020 to November 15 2021 (cells with * are 

suppressed as counts < 5). Day 0 of each exposure has been removed due to small numbers.    

  

�  
 

�ChAdOx1nCoV-
19�vaccine�  

BNT162b2 mRNA 
vaccine�  

mRNA-1273 vaccine  
  

�Positive SARS-CoV-2 test�  

Time period�  events�  IRR (95% CI)�  events  IRR (95% CI)  events� IRR (95% CI)�  events�  IRR (95% CI)�  

 Main analysis         

Baseline*  1696 1.00  1696 1.00  1696 1.00  2268 1.00  
Pre-risk**  283 0.70 (0.61, 0.80) 283 0.70 (0.61, 0.80) 283 0.70 (0.61, 0.80) 43 2.18 (1.57, 3.04) 
1-28 days: 1st dose/positive test  139 1.27 (1.05, 1.55) 120 1.37 (1.12, 1.67) 11 1.80 (0.91, 3.58) 177 8.40 (6.89, 10.25) 
1-28 days: 2nd dose  89 0.94 (0.75, 1.18) 114 1.60 (1.31, 1.97) 40 13.71 (8.46, 22.20)   

1-28 days: 3rd dose  * n/a 39 2.02 (1.40, 2.91) * n/a   

         

 Age <40 & Male         

Baseline*  304 1.00 304 1.00 304 1.00 484 1.00 
Pre-risk**  34 0.59 (0.41, 0.85) 34 0.59 (0.41, 0.85) 34 0.59 (0.41, 0.85) 9 1.38 (0.68, 2.79) 
1-28 days: 1st dose/positive test  13 1.33 (0.72, 2.47) 39 1.66 (1.14, 2.41) 8 2.34 (1.03, 5.34) 14 2.02 (1.13, 3.61) 
1-28 days: 2nd dose  21 2.57 (1.52, 4.35) 56 3.41 (2.44, 4.78) 36 16.52 (9.10, 30.00)   
1-28 days: 3rd dose  * n/a * 7.60 (1.92, 30.15) * n/a   
         
 Age >= 40 & Male         
Baseline*  691 1.00 691 1.00 691 1.00 897 1.00 
Pre-risk**  148 0.80 (0.66, 0.98) 148 0.80 (0.66, 0.98) 148 0.80 (0.66, 0.98) 16 2.57 (1.49, 4.44) 
1-28 days: 1st dose/positive test  68 1.16 (0.87, 1.54) 29 0.97 (0.65, 1.47) * n/a 91 12.86 (9.45, 17.50) 
1-28 days: 2nd dose  44 0.91 (0.65, 1.26) 24 0.79 (0.51, 1.23) * n/a   
1-28 days: 3rd dose  * n/a 20 2.48 (1.46, 4.19) * n/a   
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Age <40 & Female         

Baseline*  140 1.00 140 1.00 140 1.00 176 1.00 
Pre-risk**  13 0.42 (0.24, 0.76) 13 0.42 (0.24, 0.76) 13 0.42 (0.24, 0.76) * n/a 
1-28 days: 1st dose/positive test  7 0.99 (0.42, 2.31) 13 1.44 (0.78, 2.66) * 2.88 (0.56, 14.74) 11 5.98 (2.83, 12.63) 
1-28 days: 2nd dose  * 0.29 (0.07, 1.22) 9 1.37 (0.67, 2.80) * 7.55 (1.67, 34.12)   
1-28 days: 3rd dose  * n/a * n/a * n/a   
         

Age >= 40 & Female         

Baseline*  557 1.00 557 1.00 557 1.00 706 1.00 
Pre-risk**  88 0.62 (0.49, 0.80) 88 0.62 (0.49, 0.80) 88 0.62 (0.49, 0.80) 17 3.82 (2.19, 6.66) 
1-28 days: 1st dose/positive test  51 1.32 (0.94, 1.85) 38 1.42 (0.96, 2.09) * n/a 61 12.37 (8.53, 17.94) 
1-28 days: 2nd dose  22 0.58 (0.37, 0.91) 25 1.00 (0.64, 1.55) * n/a   
1-28 days: 3rd dose  * n/a 16 1.64 (0.91, 2.96) * n/a   

*Same for each exposure. 

**-28 to 1 days prior to each vaccine dose or positive test. Same for each exposure.  
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ONLINE METHODS  

Data  

We used the National Immunisation (NIMS) Database of COVID-19 vaccination to identify 

vaccine exposure. This includes vaccine type, date and doses for all people vaccinated in 

England. We linked NIMS vaccination data, at individual level, to national data for mortality 

(ONS), hospital admissions (HES) and SARS-CoV-2 infection data (SGSS).  

Study design   

The self-controlled case series (SCCS) design was used, this design was originally developed to 

examine vaccine safety [13, 14]. The analyses are conditional on each case, so any fixed 

characteristics during the study period, such as sex, age, ethnicity or chronic conditions, are 

inherently controlled for. Any time-varying factors, like seasonal variation, need to be adjusted 

for in the analyses. 

Study period and population  

People were considered eligible for inclusion if they were at least 13 years old and had received 

at least one dose of ChAdOx1 (AstraZeneca), BNT162b2 (Pfizer) and mRNA-1273 (Moderna) and 

were admitted to hospital with or died from myocarditis between December 1 2020 and 

November 15 2021 (last data update). Patients were followed up from the study start 

(December 1 2020) to the earliest of the end of the study period (November 15 2021) or when 

they died. People were excluded if they had a hospital admission for myocarditis in the two 

years prior to the start of the study period or if they received Ad26.COV2.S (Janssen) vaccine as 

there were too few doses delivered to permit a meaningful analysis. 

Outcomes  

The outcomes of interest in this study were hospital admission or death from myocarditis. 

Myocarditis was defined as the first hospital admission in the study period or death using 

International Classification of Diseases (ICD)-10 codes (Supplementary Table 6). 

Exposures 

The exposure variable included the first, second and third dose of the ChAdOx1, BNT162b2 and 

mRNA-1273 vaccines. Infection with SARS-CoV-2 defined as a COVID-19 reverse transcription–

polymerase chain reaction (RT-PCR) positive test was included as a separated exposure 

variable. Only the first positive test within the study period was used. We defined the exposure 

risk intervals as the following pre-specified time-periods: 0, 1-7, 8-14, 15-21 and 22-28 days 

after each exposure date, under the assumption that the adverse events under consideration 

are unlikely to be related to exposure from 28 days post-exposure. People who experience the 

outcome are likely to delay vaccination until symptoms have improved, and therefore a pre-risk 

period of 1-28 days before each exposure was removed from the baseline period to account for 
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this potential bias. Hospital admission for myocarditis often results in testing for SARS-CoV-2. 

Whilst these outcomes may well be caused by SARS-CoV-2 infection, reverse causality involved 

in their detection could over- or under-estimate the effect of infection on myocarditis. To 

interrogate this potential source of bias, we allocated day 0 to a risk period of its own. 

Statistical analysis 

We described characteristics of the whole vaccinated cohort in terms of age, sex, ethnicity, 

SARS-CoV-2 positive test status, number of doses received, homologous and heterologous 

vaccination by vaccine doses and type.   

We described demographic characteristics of vaccinated people with admission or death from 

myocarditis during and outwith the risk period (1-28 days post each vaccine dose).   

The SCCS models were fitted using a conditional Poisson regression model. Incidence rate ratios 

(IRR), the relative rate ratio of hospital admissions or deaths due to each outcome of interest in 

risk periods relative to baseline periods, were estimated by the SCCS model adjusted for two-

week calendar periods as time-varying covariates (to account for seasonal effects).  

Absolute risk differences cannot be obtained using SCCS. We supplemented our estimates of 

IRRs with measures of effect of each exposure in absolute terms using a method developed to 

estimate the number of exposures needed to produce one excess adverse outcome and the 

excess number of events per 1,000,000 exposed for each outcome [15].   

Stata version 17 was used for these analyses. 

Data availability  

The data that support the findings of this study - National Immunisation (NIMS) Database of 

COVID-19, mortality (ONS), hospital admissions (HES) and SARS-CoV-2 infection data (PHE) -are 

not publicly available because they are based on de-identified national clinical records. Due to 

national and organizational data privacy regulations, individual-level data such as those used 

for this study cannot be shared openly. 

Code availability  

The code used for this study has been deposited in the git repository of the research group, 

which is protected by privacy. Access to the code is available from the authors on request for 

non-commercial, academic and research use only. Stata version 17 was used for these analyses. 

 

Additional References 

15. Wilson, K. and S. Hawken, Drug safety studies and measures of effect using the self-controlled 

case series design. Pharmacoepidemiol Drug Saf, 2013. 22(1): p. 108-10. 
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Excess events per 1 million vaccinated/infected

Patone et al., University of Oxford, 2021. Funding source: HDRUK.

Study period: December 1, 2020 to November 15, 2021

Risks of myocarditis in the 1-28 days after COVID-19 vaccines or SARS-CoV-2

ChAdOx1 BNT162b2 mRNA-1273 SARS-CoV-2
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