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Abstract 

  

Introduction 

Clinical trials of COVID-19 vaccines were insufficient to detect uncommon adverse 

outcomes that are crucial for risk-benefit analyses and informing clinical practice post-

vaccination. As a result, detection of infrequent adverse events has become a global 

research priority. The current study aims to estimate the rate of cardiopulmonary 

complications associated with COVID-19 vaccination. 

Methods 

Two databases and one search engine were explored to identify English language-

related studies published up to January 2023. 

Results 

The literature search turned up a total of 3974 relevant studies. Of them, 37 articles 

matched the inclusion criteria. Overall, seven studies from the United States. The mean 

age of patients was 25 years and about 77% of them were male. The most common 

reported consequence was inflammatory heart disease (myo-peri-cariditis), followed by 

pulmonary embolism (17%), and myocardial infarction (5%). The majority of 

complications were reported following mRNA COVID-19 vaccinations, particularly 

following the administration of the second dose. Pfizer has a slightly higher risk of 

cardiac complications following vaccination (4.1 per 100000 persons) than Moderna 

(3.7 per 100,000 persons). 

Conclusion 

Although cardiopulmonary complications associated with COVID-19 vaccinations are 

uncommon, they can be life-threatening. Therefore, more large-scale observational 

studies and review articles of those studies are strongly recommended. 
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1. Introduction 

The coronavirus disease 2019 (COVID-19) initially emerged in 

December 2019, in Wuhan, China, and quickly spread around 

the world [1,2]. Vaccination against COVID-19 was the 

principal strategy for limiting the outbreak [3]. Given the 

immediate need to prevent the virus's spread, thirteen vaccines 

were licensed for emergency use in several countries before 

completing all three phases of clinical trials, encouraging 

researchers to closely monitor the adverse effects of vaccination 

[4]. Since they received provisional Food and Drug 

Administration (FDA) authorization in the United States (US) in 

December 2020, two types of messenger RNA (mRNA)-based 

COVID-19 vaccines, BNT162b2 (PfizerBioNTech) and 

mRNA-1273 (Moderna), have been administered in hundreds of 

millions of doses [5]. Despite ongoing viral mutations and the 

detection of weaker strains, the infections have been mild, with 

many patients exhibiting no symptoms or recovering at home 

[6]. There has been vaccination anxiety among families with 

young children who are now eligible to get the COVID-19 

vaccine. This hesitation persists despite the Centers for Disease 

Control and Prevention (CDC) advice that everyone aged five 

and above should receive the COVID-19 vaccines [7]. As of 23 

January 2023, more than 13 billion doses of COVID-19 vaccines 

had been administered worldwide [8]. Covid-19 vaccines have 

been studied in randomized trials to determine effectiveness and 

safety [9]. However, clinical trials of COVID-19 vaccines were 

insufficient to detect uncommon adverse outcomes that are 

crucial for risk-benefit analyses and informing clinical practice 

post-vaccination. As a result, detection of infrequent adverse 

events has become a global research priority [10]. Several 

cardiac consequences have occurred as a result of COVID-19 

mRNA vaccines, such as myocarditis, pericarditis, 

perimyocarditis, coronary thrombosis, myocardial infarctions 

(MI), and stress-induced cardiomyopathy [11]. Since then, an 

increased number of cases of cardiopulmonary complications 

have been reported to the CDC, particularly in adolescents and 

young adults who received mRNA-based vaccines [9,12]. The 

focus has currently shifted from the hazard of the infection to 

potential vaccination side effects [6]. 

The current study aims to estimate the rate of cardiopulmonary 

complications associated with COVID-19 vaccination in 

individuals who have received at least one dose of an authorized 

vaccine. 

 

2. Methods 

2.1. Study design 

The current study was undertaken according to the Preferred 

Reporting Items for Systematic Review and Meta-Analysis 

(PRISMA) guidelines [13]. As it is a systematic review and 

meta-analysis of published studies, ethical approval and/or 

written informed consent by the patients are not required. 

2.2. Data sources and search strategy 

A comprehensive systematic literature search in the English 

language alone was conducted on two databases (PubMed, 

Scopus) and one search engine (Google Scholar) for published 

studies up to January 1, 2023. The following medical subject 

headings and keyword terms were used: Covid-19, SARS-COV-

2, vaccination(s), complication(s), consequence(s), sequela(e), 

cardiac adverse event(s), cardiovascular adverse effect(s), 

myocarditis, pericarditis, myopericarditis, pleuropericarditis, 

atrial flutter, atrial fibrillation, thoracic complication(s), 

myocardial infarction, hypertension, blood-pressure, acute 

coronary syndrome, coronary occlusion, heart failure, 

cardiomyopathy, respiratory complication(s), cardiopulmonary, 

pulmonary embolism, pneumonia, pulmonary fibrosis, and 

interstitial lung disease. In addition, reference lists of the 

included articles and systematic reviews on similar topics were 

manually checked to identify any additional eligible studies. 

2.3. Eligibility criteria 

Eligible studies must have met all the following inclusion 

criteria: (1) participants must have been vaccinated with one of 

the approved vaccines; (2) patients with clinically suspected 

cardiopulmonary complications following COVID-19 

vaccination; (3) studies written in the English language (4) 

patients without COVID-19 infection. Exclusion criteria include 

all of the following; (1) Complications that developed after 42 

days following COVID-19 vaccination; (2) Patient with 

COVID-19 infection at presentation; (3) Preprint studies; (4) 

Studies published in predatory journals. Predatory journals were 

defined according to Kscien’s list [14].   

2.4. Study selection and data items 

Two researchers, both with at least six-year of experience in 

medicine, independently screened the titles, abstracts, and full 

texts of the retrieved studies to identify the eligible items. Any 

disagreement was resolved by the third and fourth researchers 

specified in the topic. 

Three researchers extracted the data from the full texts of the 

included studies into the "Data Extraction Form" using 

Microsoft Excel (version 2016). Extracted data were: the first 

author’s name, country, study design, sample size, number of 

events, age, sex, comorbidities, vaccine type, the dose of 

vaccine, time from vaccine to symptoms, troponin changes, 

electrocardiogram (ECG) changes, and echocardiography 

findings. 

2.5. Statistical analysis 

All statistical analyses were performed using comprehensive 

meta-analysis. All outcomes were dichotomous, and the 

frequency of adverse occurrences was determined using a 

random-effects model with a 95% confidence interval. The 

forest plot was used to graphically represent the event rate of the 

individual studies. We estimated the percentage of heterogeneity 

and inconsistency between the studies using the I2 statistic, with 

values of 25%, 50%, and 75% considered low, moderate, and 

high, respectively. If the heterogeneity was significant and I2 

was greater than 50%, the random-effect model was used; 

otherwise, the fixed-effect model was used. 

 

3. Results 

https://doi.org/10.58742/bmj.v1i2.25
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3.1 Search results and study selection 

The selection process for the current study is shown in Figure 1. 

The literature search turned up a total of 3974 relevant studies. 

About 207 duplicate studies and 43 non-English studies were 

removed from the record. The titles and abstracts of 3724 

publications were screened, with 3279 being excluded due to 

irrelevant content. Overall, 445 publications were retrieved for 

full-text evaluation, with 399 being excluded for various 

reasons. The remaining articles were subjected to reference 

screening, which revealed an additional 15 related articles. After 

the application of selection criteria, 24 studies were excluded. 

Finally, 37 articles matched the inclusion criteria and they were 

included in the meta-analysis. 

3.2 Characteristics of the included studies and patients 

All of the included studies were observational. Overall, eleven 

studies were conducted in the USA, six in Israel, four in Korea, 

three in Canada, two in China, two in France, two in Denmark, 

and the reminders from England, Hong Kong, Thailand, 

Georgia, Greece, Malaysia and Australia. PfizerBioNTech, 

Moderna, AstraZenica, and Janssen were among the reported 

vaccines in the included studies. Table 1 shows the baseline 

characteristics of the studies included in the meta-analysis. The 

mean age of patients who developed cardiopulmonary 

complications after receiving the vaccines was 25.6 years, and 

77% of them were male. The mean interval from vaccination to 

the onset of symptoms was four days, ranging from 1 to 41 days. 

 

 

The most common reported consequence was inflammatory 

heart disease (myo-peri-cariditis), followed by pulmonary 

embolism (PE) (17%), and MI (5%). About 91% of 

complications were reported following m-RNA vaccination 

(43% Moderna, 30% Pfizer, and 18% undifferentiated) (Table 

2).  

3.3 Risk of cardiopulmonary complications following 

COVID-19 vaccination 

The pooled analysis of 19 studies found that the incidence of 

cardiopulmonary complications following COVID-19 

vaccinations was 0.000039%, with a 95% confidence interval of 

(0.000025% to 0.000062%), which means that the incidence rate 

was 3.9 per 100,000 doses. The I-squared statistic is 99% which 

tells that some 99% of the variance in observed effects reflects 

variance in true effects rather than sampling error. We estimated 

that the prediction interval is 0.000004 to 0.000351. The true 

effect size in 95% of all comparable populations falls in this 

interval (Figure 2). The pooled incidence of cardiopulmonary 

complications after the Moderna COVID-19 vaccination based 

on the random-effect model of five studies was 0.000037%, with 

a 95% confidence interval of (0.000016% to 0.000088%). This 

means that the event rate was 3.7 per 100,000 doses. Based on 

the random-effect model of 11 studies, the pooled incidence of 

cardiopulmonary complications following the PfizerBioNTech 

COVID-19 vaccine was 0.000041%, with a 95% confidence 

interval of (0.000022% to 0.000079%) (Figure 3), this equals to 

Figure 1: Prisma flow diagram 
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an incident rate of 4.1 per 100,000 doses. Overall, Pfizer-

BioNTech has a slightly higher risk of cardiopulmonary 

complications following vaccination than Moderna (4.1 and 3.7 

per 100,000 doses, respectively). 

 

 

4. Discussion 

This systematic review and meta-analysis showed that 

myocarditis and pericarditis were the most commonly reported 

cardiopulmonary complications following COVID-19-approved 

vaccines. The majority of complications have been observed 

after the administration of the mRNA COVID-19 vaccine. More 

than two-thirds of the complications occurred following the 

second dose of vaccination. Individuals who received the 

BNT162b2 vaccine, especially the second dose, were more 

susceptible to myocarditis/pericarditis than those receiving the 

mRNA‐1273 vaccine. The mean age of the patients was 25 years 

(13-67), with more than three-quarters being male. 

 

 

The COVID-19 pandemic has evolved as the most critical 

source of concern for the world's health and political systems. 

The COVID-19 immunization strategy was deployed in less 

than a year, representing an important breakthrough in research 

and development. The initial immunization experience revealed 

that all approved COVID-19 vaccines are effective and have an  

Figure 2: The rate of cardiopulmonary complications following COVID-19 vaccination. 

Figure 3: The rate of cardiopulmonary complications following Pfizer and Moderna vaccinations. 
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Table 1: Baseline characteristics of included studies 

Study name 
Publishing 

date 
Country Data Source No. of Doses 

No. of 

events 

Mean 

age 

(year) 

Sex 

(male) 

Type of 

vaccination 

Dose of 

vaccination 

Abraham2022 

[15] 

25-May-

22 
Canada CAEFISS 19,370,047 372 28 287 

Pfizer;143 

Moderna: 229 

1st dose;82, 

 2nd 

dose;290 

Barda2021 [16] 
25-Aug-

21 
Israel 

Health care 

organization 

in Israel 

884,828 117 38 N/A Pfizer;117 N/A 

Buchan2022 [17] 24-Jun-22 Canada 

Public Health 

Case and 

Contact 

Management 

Solution 

19,740,741 297 24 228 
Pfizer;159, 

Moderna;138 

1st dose;90, 

2nd 

dose;207 

Chua2021 [18] 
28-Nov-

21 
China 

Electronic 

health records 

305,406 

 
33 15 30 Pfizer;33 

1st dose;4, 

2nd dose;29 

Farahmand2021 

[19] 
4-Oct-21 Israel 

Massachusetts 

Immunization 

Information 

System 

268,320 12 N/A 6 
Moderna;10, 

Janssen;2 

1st dose;5, 

2nd dose;7 

Foltran2021 [20] 
26-Nov-

21 
France VigiBase N/A 242 15.8 205 

Moderna and 

Pfizer; 242 

1st dose;37, 

2nd dose;68 

Fronza2022 [21] 20-Jan-22 Canada 

Electronic 

patient record 

system 

N/A 21 31 17 
Pfizer;9, 

Moderna;12 

1st dose;4, 

2nd dose;17 

Goddard2022 

[22] 
12-Jul-22 USA VSD 4,694,765 79 23 68 

Pfizer;41, 

Moderna;38 

1st dose;16, 

2nd dose;63 

Husby2021 [23] 
16-Dec-

21 
Denmark 

Danish 

Vaccination 

Register 

1,459,852 69 N/A N/A 
Pfizer;48, 

Moderna;21 
N/A 

Jain2021 [24] 1-Nov-21 USA 

CDC’s 

Vaccine 

Adverse 

Event 

Reporting 

System 

N/A 63 16 58 
Pfizer;59, 

Moderna;4 

1st dose;1, 

2nd dose;62 

Kerneis2021 [25] 26-Jun-21 France VigiBase N/A 214 35 131 

Pfizer;105, 

Moderna;51 

AstrZenica;47 

N/A 

Kravchenko2022 

[26] 

10-Mar-

22 
Germany 

Hospital 

information 

system 

N/A 20 28 12 
Pfizer;19, 

Moderna;1 

1st dose;5, 

2nd dose;15 

Mevorach2021 

[27] 
6-Oct-21 Israel 

Ministry of 

Health 

database 

5,442,696 

 
136 N/A N/A Pfizer;136 N/A 

Montgomery2021 

[28] 
29-Jun-21 USA 

Walter Reed 

National 

Military 

Medical 

Center 

2,810,000 23 25 23 
Pfizer;7, 

Moderna;16 

1st dose;3, 

2nd dose;20 

Nygaard2021 

[29] 

10-Oct-

21 
Denmark 

Danish 

VAERS 
261,334 15 16 13 Pfizer;15 

1st dose;8, 

2nd dose;7 

Oh2022 [30] 2-Mar-22 Korea 
COVID-19 

IRS 
683 21 35 11 

Pfizer and 

Moderna;21 

1st dose;9, 

2nd dose;11 

Patone2021 [10] 
14-Dec-

21 
England 

English 

National 

Immunisation 

(NIMS) 

Database of 

COVID-19 

vaccination 

38,615,491 746 50 475 

Pfizer;292, 

Moderna;9, 

AstrZenica;445 

1st 

dose;406, 

2nd 

dose;340 

https://doi.org/10.58742/bmj.v1i2.25
https://doi.org/10.58742/bmj.v1i2.25


 

 

37 

 

Barw Medical Journal  |  2023;1(2):32-41  |  https://doi.org/10.58742/bmj.v1i2.25 Amin et al. 

Table 1. continued... 

Sa2022 [31] 
17-Feb-

22 
Korea VAERS data N/A 4748 N/A N/A 

Pfizer;2247, 

Moderna;1921, 

Janssen;581 

N/A 

Simone2021 [32] 4-Oct-21 USA N/A 2,392,924 15 25 15 
Pfizer;8, 

Moderna;7 

1st dose;2, 

2nd dose;13 

Straus2022 [33] 6-Jun-22 USA 

Moderna 

global safety 

database 

32,695,513 

 
3017 29 2263 Moderna;3017 

1st 

dose;518, 

2nd 

dose;1201 

Truong2022 [34] 1-Feb-22 USA 
Multicenter 

study 
N/A 139 16 126 

Pfizer;131, 

Moderna;5, 

Janssen;1 

1st dose;11, 

2nd 

dose;128 

Oster2021 [35] 25-Jan-22 USA VAERS 354,100,845 1626 21 1334 
Pfizer and 

Moderna;1626 

1st 

dose;254, 

2nd 

dose;1199 

Tsun Lai2022 

[36] 

21-Mar-

22 
China 

Electronic 

health records 

of the 

Hospital 

Authority 

(HA) 

252,399 38 N/A N/A Pfizer;39 
1st dose;8, 

2nd dose;31 

Varma2022 [37] 13-Jul-22 Australia 

Monash 

Children’s 

Hospital 

N/A 33 14.6 27 
Pfizer;28, 

Moderna;5 

1st dose;6, 

2nd dose;27 

Witberg2021 [38] 6-Oct-21 Israel 

Clalit Health 

Services 

Database 

2,558,421 

 
54 27 51 Pfizer;54 1st dose;54 

Wong2022 [39] 
11-Jun-22 

USA 

Health plan 

claims 

databases 

25,779,923 

 
411 N/A N/A 

Moderna and 

Pfizer;411 
N/A 

Li2022 [40] 
25-Feb-

22 

Hong 

Kong 

Hong Kong 

territorywide 

electronic 

health record 

database 

387,078 43 15 38 Pfizer;43 
1st dose;7, 

2nd dose;36 

Ch’ng2022 [41] 
16-Oct-

22 
Malaysia N/A 4906 58 33.6 N/A Pfizer;58 N/A 

Syrigos2022 [42] 
10-May-

22 
Greece N/A 797 7 N/A 4 Pfizer;7 

1st dose;0, 

2nd dose;7 

Sharff2021 [43] 4-Apr-22 USA 

KPNW's 

electronic 

health record 

153,438 16 N/A 14 
Pfizer;14, 

Moderna;2 

1st dose;2, 

2nd dose;14 

Kim2022 [44] 
22-Jul-22 

Korea 

Korean 

National 

Health 

Insurance 

Service 

database 

168,310 
24 N/A N/A 

Pfizer and 

moderna;24 

2nd dose; 

24 

Showkathali2022 

[45] 2-Feb-22 India N/A N/A 37 57 32 
AstraZenica;28, 

Other;9 

1st dose;24, 

2nd dose;13 

Diaz2021 [46] 
28-Sep-

21 USA 

State 

registries of 

hospitals 

2,000,287 57 48 42 

Pfizer;23, 

Moderna;32, 

Janssen;2 

1st dose;19, 

2nd dose;38 

Mansanguan2022 

[47] 

19-Aug-

22 
Thailand N/A 301 7 15 7 Pfizer;7 2nd dose;7 

Patel2021 [48] 7-Oct-21 Gorgia N/A N/A 9 16 9 N/A 
1st dose;1, 

2nd dose;8 

Patel2022 [49] 
9-Jun-22 

USA N/A N/A 14 21 N/A N/A N/A 

Zornitzki2022 

[50] 
1-Sep-22 Israel N/A N/A 9 20 8 Pfizer;9 2nd dose;9 

https://doi.org/10.58742/bmj.v1i2.25
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acceptable safety profile [9,51]. Several trials have found that a 

two-dose mRNA COVID-19 vaccine program provides 

significant protection against serious infection, hospitalization, 

and mortality caused by COVID-19 [7]. The COVID-19 

vaccine's early approval and subsequent wide availability have 

resulted in reports of severe reactions following vaccination. 

The majority of adverse events reported so far have been linked 

to risks that are equivalent to baseline risks in the general 

population and have not generated any concerns. However, for 

highly rare incidents, background hazards may be impossible to 

be quantified [52]. 

Multiple nations' post-market vaccine safety surveillance 

systems have revealed a possible link between COVID-19 

mRNA vaccine administration and cardiac inflammatory 

disease [17]. Regardless of the fact that no cases of cardiac 

complications were observed in phase 3 trials of the mRNA 

vaccines, there have been multiple reports of cardiac 

complications, mainly myocarditis, following COVID-19 

vaccination [53]. Myocarditis is an inflammatory condition of 

the myocardium caused by a viral infection, systemic immune-

mediated disorders, or immunomodulatory therapy [54]. 

Myocarditis is an uncommon consequence of COVID-19 

mRNA vaccination that generally develops 2–3 days after the 

second vaccine dose. The prevalence was highest in young adult 

and adolescent males. While myocarditis can be life-threatening, 

the majority of vaccine-associated myocarditis cases have been 

mild and self-limiting [30]. The risk of acute cardiac 

inflammation following COVID-19 vaccines is not restricted to 

myocarditis in young men. There is a significant risk and 

population burden of pericarditis following the second dose of 

the BNT162b2 and mRNA-1273 vaccines, frequently included 

in a combined event of myopericarditis [55]. Pericarditis as a 

specific entity has received little attention for its relationship 

with mRNA vaccines, and much less attention for the mRNA-

1273 vaccine [55]. The mechanisms of myocarditis/pericarditis 

related to COVID-19 vaccinations include, but are not limited 

to, molecular mimicry, autoantibody production, mRNA 

immunological reactivity, activation of preexisting dysregulated 

immune processes, and genetic predisposition [56]. Barda et al. 

and Lai et al. observed a non-significant risk ratio of pericarditis 

of 1.27 and an odds ratio of 1.06 for the combined effect of the 

first and second doses of the BNT162b2 vaccination [16, 57]. 

Patone et al. also discovered a non-significant relative incidence 

of pericarditis in the week after both doses of the BNT162b2 

vaccination of around 0.6, but the correlation with mRNA-1273 

was unable to be assessed [10]. 

Using data from four US FDA, the rate of myocarditis or 

pericarditis within 7 days of a second dose of mRNA-1273 

ranged from 72.4 cases per 1,000,000 doses (95% CI, 23.2-228.1 

cases per 1,000,000 doses) to 283.7 cases per 1,000,000 doses 

(95% CI, 145.2-573.5 cases per 1,000,000 doses) [58]. In 

Ontario, a similar risk of myocarditis or pericarditis was reported 

at 299.5 cases per 1,000,000 doses following a second dosage of 

mRNA-1273 in males aged 18 to 24 years [17]. The current 

metanalysis found that the rate of cardiopulmonary 

complications after COVID-19 vaccination was 0.000039%, 

with a 95% confidence interval of (0.000025% to 0.000062%). 

This indicates that the event rate was 3.9 per 100,000 doses. 

According to a study, the incidence of acute 

myocarditis/pericarditis in adolescents after the BNT162b2 

vaccination was 18.52 per 100,000 people vaccinated. The 

majority of cases were healthy teenage men after receiving the 

second dosage [18]. Carrao et al found a greater risk of 

myocarditis after BNT162b2 vaccination but a lower risk after 

mRNA-1273, the second dose of mRNA-1273 was associated 

with a higher risk of myocarditis than the first dose, and males 

were at a higher risk of post-vaccine myocarditis than females 

[51]. In the present review, based on the random-effect model of 

five studies, the pooled incidence of cardiopulmonary 

complications after Moderna COVID-19 vaccinations was 3.7 

per 100,000 doses, and based on the random-effect model of 11 

studies, the pooled incidence of cardiopulmonary complications 

following the Pfizer COVID-19 vaccination was 4.1 per 100,000 

doses. 

A recent meta-analysis of over 22 trials for a total of 

405,272,721 vaccine doses found three major findings: COVID-

19 vaccinations had a lower incidence of 

myocarditis/pericarditis than non-COVID-19 vaccines (1.6 vs. 

5.6 cases/100 000; P = n.s.). Myocarditis and pericarditis were 

substantially more common with mRNA vaccinations than with 

non-mRNA vaccinations (2.26 vs. 0.79 cases/100,000; P = 

0.001). With increasing age, the likelihood of myocarditis 

decreases [59]. A recent study of electronic health record data 

from 40 US healthcare systems discovered that the frequency of 

cardiac complications following SARS-CoV-2 infection was 

roughly seven times greater than after the mRNA COVID-19 

vaccine [23]. There are many different explanations for the 

differences in rates across systems, including the adverse event 

studied, the time from vaccination to disease onset for cases 

Table 2: Complication rate and type of vaccination 

Variable No (Percentage) 

Mean age (year) 25.6 (13-67) 

Sex  

    Male  

    Female  

 

5630/7321 (77%) 

1689/7321 (23%) 

Onset of symtoms from 

vaccination (day) 
4 (0-41) 

Cardiac complications 

    Myo-peri-carditis  

    Myocardial infarction  

    Pulmonary embolism 

    Hypertenstion  

    Pulmonary complications 

    Other 

 

9838/12837 (77%) 

659/12837 (5%) 

2138/12837 (17%) 

74/12837 (0.6%) 

109/12837 (0.85%) 

19/12837 (0.15) 

Vaccine type  

    Pfizer 

    Moderna 

    AstraZenica 

    Janssen 

    Pfizer and Moderna 

    Other 

 

3874/12834 (30%) 

5512/12834 (43%) 

520/12834 (4%) 

591/12834 (5%) 

2324/12834 (18%) 

11/12834 (0.1%) 

Vaccine dose 

     1st dose 

     2nd dose 

     3rd dose 

 

1583/5660 (28%)  

3902/5660 (69%) 

175/5660 (3%) 

 

https://doi.org/10.58742/bmj.v1i2.25
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included in the analyses, the different case classifications used 

to classify outcomes, completeness in reporting, and health 

system context (i.e., access to publicly funded health services). 

Furthermore, country-specific changes in inter-dose intervals 

and heterologous vaccination regimens may be related to rate 

variability among countries [17]. 

There is insufficient evidence to establish a conclusive causal 

relationship between COVID-19 vaccines and MI. The 

vaccinations may contribute to MI by increasing heart pressure, 

but they are not a direct cause of MI. COVID-19 vaccine-

associated MI is not a well-known association [9]. According to 

single-center data, 42% of patients hospitalized with acute 

coronary syndrome and confirmed to have coronary thrombosis 

had recently received COVID-19 vaccines [45]. However, 

another study found that complete COVID-19 vaccination was 

associated with a lower incidence of acute MI and ischemic 

stroke compared to COVID-19 infection. The findings suggest 

vaccination, particularly for people at high risk of cardiovascular 

disease [44]. A recently published Israeli study found that the 

BNT162b2 vaccine did not increase the risk of MI (RR, 1.07 

[CI, 0.74 to 1.60]), or PE (RR, 0.56 [CI, 0.21 to 1.15]) 42 days 

after administration [16]. 

In a preliminary study conducted in the US that used 

comprehensive health records from a diverse population to 

monitor 23 serious outcomes on a weekly basis, the incidence of 

selected outcomes was not significantly higher 1 to 21 days after 

receiving an mRNA vaccine compared to 22 to 42 days after 

vaccination. The RRs for acute MI were 1.02 (CI, 0.89 to 1.18) 

and 1.01 (CI, 0.86 to 1.19) for PE [60]. A nationwide study was 

carried out in a population of more than 46 million people aged 

18 to 74 years, and those who experienced a serious 

cardiovascular diseases were included. There was no indication 

of a correlation between the mRNA-based vaccinations and 

acute MI, stroke, or PE in the three weeks following the first two 

doses. The Oxford-AstraZeneca vaccine increased the risk of PE 

slightly, but the two adenoviral-based vaccinations (Oxford-

AstraZeneca and Janssen) increased the risk of acute MI. In the 

second week following the first dosage of the Oxford-

AstraZeneca vaccine, the risk of PE and acute MI increased by 

around 30% [61]. In the current analysis, MI and PE are reported 

in 5% and 17% of the patients with cardiopulmonary 

complications, respectively. 

The incidence of PE and acute respiratory distress syndrome was 

approximately 5-7 times greater after a single viral vector 

vaccination than after either of the mRNA vaccines. Following 

the mRNA vaccinations, the incidence was greater after the 

second dosage than after the first. The median onset of acute 

respiratory distress syndrome was 42 days following 

administration; however, it was frequently reported between two 

and six weeks after vaccines. The odds ratio of acute respiratory 

distress syndrome for males was double that of females, and the 

odds ratio of the viral vector vaccine to the mRNA vaccines was 

2.951 (CI = 1.706–5.105). There was no significant difference 

between mRNA-1273 and BNT162b2 [31]. 

 

 

5. Conclusion 

Although cardiopulmonary complications associated with 

COVID-19 vaccinations are uncommon, they can be life-

threatening, especially in those receiving the second dose of 

vaccination. Therefore, more large-scale observational studies 

and review articles of those studies are highly suggested, and 

subgroup analysis based on behavioral risk variables is required. 

Further studies based on a longer period of observation will 

allow us to investigate the risk associated with vaccine doses as 

well as monitor the long-term cardiopulmonary consequences of 

these post-vaccination outcomes. 

 

Declarations 

Conflicts of interest: The author(s) have no conflicts of interest 

to disclose. 

Ethical approval: Not applicable, as systematic reviews do not 

require ethical approval.  

Patient consent (participation and publication): Not applicable. 

Funding: The present study received no financial support. 

Acknowledgements: None to be declared. 

Authors' contributions: BAA, MNH, HOA and SMA 

participated in data collection. FHK designed the study. SHM, 

SOK performed the data analysis. FB, BJHA, and JIH 

participated in preparing the manuscript. DHMS, HMA, ZHM, 

KFH, HMH and SJH critically revised the manuscript. FHK, 

HOA confirmed the authenticity of the data. All authors 

approved the final version of the manuscript. 

Data availability statement: Not applicable. 

 

References 

1. Ahmed OF, Amin BJ, Abdullah BA, Hassan MN, Salih RQ, Mohammed 

SH, et al. Post COVID-19 pulmonary complications; a single center 

experience. Annals of Medicine and Surgery. 2021;72:103052. 

doi:10.1016/j.amsu.2021.103052 

2. Amin BJ, Kakamad FH, Ahmed GS, Ahmed SF, Abdulla BA, Mikael TM, 

et al. Post COVID-19 pulmonary fibrosis; a meta-analysis study. Annals of 

Medicine and Surgery. 2022:103590. doi:10.1016/j.amsu.2022.103590 

3. Ahmad SA, Salih BK, Hussein KF, Mikael TM, Kakamad FH, Salih AM. 

Aseptic meningoencephalitis after COVID-19 vaccination: a case report. 

Annals of Medicine and Surgery. 2021;71:103028. 

doi:10.1016/j.amsu.2021.103028 

4. Hana D, Patel K, Roman S, Gattas B, Sofka S. Clinical cardiovascular 

adverse events reported post-COVID-19 vaccination: are they a real risk?. 

Current Problems in Cardiology. 2022;47(3):101077. 

doi:10.1016/j.cpcardiol.2021.101077 

5. Çınar T, Hayıroçlu MI, Çiçek V, Selçuk M, Yavuz S, Orhan AL. Review of 

the current literature regarding cardiac adverse events following COVID-19 

vaccination. Revista da Associação Médica Brasileira. 2021;67:1751-8. 

doi:10.1590/1806-9282.20210940 

6. Freise NF, Kivel M, Grebe O, Meyer C, Wafaisade B, Peiper M, et al. Acute 

cardiac side effects after COVID-19 mRNA vaccination: a case series. 

European Journal of Medical Research. 2022;27(1):1-8. 

doi:10.1186/s40001-022-00695-y 

7. Chin SE, Bhavsar SM, Corson A, Ghersin ZJ, Kim HS. Cardiac 

complications associated with COVID-19, MIS-C, and mRNA COVID-19 

vaccination. Pediatric Cardiology. 2022;43(3):483-8. doi:10.1007/s00246-

022-02851-x 

https://doi.org/10.58742/bmj.v1i2.25
https://doi.org/10.58742/bmj.v1i2.25
https://www.sciencedirect.com/science/article/pii/S2049080121010025
https://doi.org/10.1016/j.amsu.2022.103590
https://doi.org/10.1016/j.amsu.2021.103028
https://doi.org/10.1016/j.cpcardiol.2021.101077
https://doi.org/10.1590/1806-9282.20210940
https://doi.org/10.1186/s40001-022-00695-y
https://doi.org/10.1007/s00246-022-02851-x
https://doi.org/10.1007/s00246-022-02851-x


 

 

40 

 

Barw Medical Journal  |  2023;1(2):32-41  |  https://doi.org/10.58742/bmj.v1i2.25 Amin et al. 

8. World Health Organization. https://covid19.who.int/, 2023. Accessed on 

January 23. 

9. Baqi DH, Kakamad FH, Mahmood ZH, Fattah FH, Ahmed SF, Hassan MN, 

et al. Myocardial infarction following COVID-19 vaccine administration; a 

systematic review. Heliyon. 2022;8(11):e11385. 

doi:10.1016/j.heliyon.2022.e11385 

10. Patone M, Mei XW, Handunnetthi L, Dixon S, Zaccardi F, Shankar-Hari M, 

et al, Channon KM. Risks of myocarditis, pericarditis, and cardiac 

arrhythmias associated with COVID-19 vaccination or SARS-CoV-2 

infection. Nature medicine. 2022;28(2):410-22. doi:10.1038/s41591-021-

01630-0 

11. Almas T, Rehman S, Mansour E, Khedro T, Alansari A, Malik J, et al. 

Epidemiology, clinical ramifications, and cellular pathogenesis of COVID-

19 mRNA-vaccination-induced adverse cardiovascular outcomes: A state-

of-the-heart review. Biomedicine & Pharmacotherapy. 2022;149:112843. 

doi:10.1016/j.biopha.2022.112843 

12. Hryniewicki AT, Tolia VM, Nene RV. Cardiac tamponade after COVID-19 

vaccination. The Journal of Emergency Medicine. 2022;62(2):250-3. 

doi:10.1016/j.jemermed.2021.10.008 

13. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow 

CD, et al. Updating guidance for reporting systematic reviews: development 

of the PRISMA 2020 statement. Journal of clinical epidemiology. 

2021;134:103-12. doi:10.1016/j.jclinepi.2021.02.003 

14. Kakamad F, Abdullah H, Mohammed S, Abdalla B, Rahim H, Hassan M, et 

al. Kscien’s List; A New Strategy to Discourage Predatory Journals and 

Publishers (Second Version) . Barw Medical Journal [Internet]. 2023 Mar. 

1 [cited 2023 Mar. 4];1(1). doi:10.58742/bmj.v1i1.14 

15. Abraham N, Spruin S, Rossi T, Fireman B, Zafack J, Blaser C, et al. 

Myocarditis and/or pericarditis risk after mRNA COVID-19 vaccination: a 

Canadian head to head comparison of BNT162b2 and mRNA-1273 

vaccines. Vaccine. 2022;40(32):4663-71. 

doi:10.1016/j.vaccine.2022.05.048 

16. Barda N, Dagan N, Ben-Shlomo Y, Kepten E, Waxman J, Ohana R, et al. 

Safety of the BNT162b2 mRNA Covid-19 vaccine in a nationwide setting. 

New England Journal of Medicine. 2021;385:1078-1090. 

doi:10.1056/nejmoa2110475 

17. Buchan SA, Seo CY, Johnson C, Alley S, Kwong JC, Nasreen S, et al. 

Epidemiology of myocarditis and pericarditis following mRNA vaccination 

by vaccine product, schedule, and interdose interval among adolescents and 

adults in Ontario, Canada. JAMA network open. 2022 Jun 1;5(6):e2218505-

. doi:10.1001/jamanetworkopen.2022.18505 

18. Chua GT, Kwan MY, Chui CS, Smith RD, Cheung EC, Ma T, et al. 

Epidemiology of acute myocarditis/pericarditis in Hong Kong adolescents 

following Comirnaty vaccination. Clinical Infectious Diseases. 

2022;75(4):673-81. doi:10.1093/cid/ciab989 

19. Farahmand R, Trottier CA, Kannam JP, Ho KK. Incidence of 

myopericarditis and myocardial injury in coronavirus disease 2019 

vaccinated subjects. The American journal of cardiology. 2022;164:123-30. 

doi:10.1016/j.amjcard.2021.10.022 

20. Foltran D, Delmas C, Flumian C, De Paoli P, Salvo F, Gautier S, et al. 

Myocarditis and pericarditis in adolescents after first and second doses of 

mRNA COVID-19 vaccines. European Heart Journal-Quality of Care and 

Clinical Outcomes. 2022;8(2):99-103. doi:10.1093/ehjqcco/qcab090 

21. Fronza M, Thavendiranathan P, Chan V, Karur GR, Udell JA, Wald RM, et 

al. Myocardial injury pattern at MRI in COVID-19 vaccine–associated 

myocarditis. Radiology. 2022;304(3):553-62. doi:10.1148/radiol.212559 

22. Goddard K, Lewis N, Fireman B, Weintraub E, Shimabukuro T, Zerbo O, et 

al. Risk of myocarditis and pericarditis following BNT162b2 and mRNA-

1273 COVID-19 vaccination. Vaccine. 2022;40(35):5153-9. 

doi:10.1016/j.vaccine.2022.07.007 

23. Husby A, Hansen JV, Fosbøl E, Thiesson EM, Madsen M, Thomsen RW, et 

al. SARS-CoV-2 vaccination and myocarditis or myopericarditis: 

population based cohort study. bmj. 2021;375:e068665. doi:10.1136/bmj-

2021-068665 

24. Jain SS, Steele JM, Fonseca B, Huang S, Shah S, Maskatia SA, et al. 

COVID-19 vaccination–associated myocarditis in adolescents. Pediatrics. 

2021;148(5):053427. doi:10.1542/peds.2021-053427 

25. Kerneis M, Bihan K, Salem JE. COVID-19 vaccines and myocarditis. 

Archives of Cardiovascular Diseases. 2021;114(6):515. 

doi:10.1016/j.acvd.2021.06.001 

26. Kravchenko D, Isaak A, Mesropyan N, Endler C, Bischoff L, Vollbrecht T, 

et al. Cardiac MRI in suspected acute myocarditis after COVID-19 mRNA 

vaccination. 2022;194(09):1003-1011 doi:10.1055/a-1752-0951 

27. Mevorach D, Anis E, Cedar N, Bromberg M, Haas EJ, Nadir E, et al. 

Myocarditis after BNT162b2 mRNA vaccine against Covid-19 in Israel. 

New England Journal of Medicine. 2021;385(23):2140-9. 

doi:10.1056/NEJMoa2109730 

28. Montgomery J, Ryan M, Engler R, Hoffman D, McClenathan B, Collins L, 

et al. Myocarditis following immunization with mRNA COVID-19 vaccines 

in members of the US military. JAMA cardiology. 2021;6(10):1202-6. 

doi:10.1001/jamacardio.2021.2833 

29. Nygaard U, Holm M, Dungu KH, Matthesen AT, Stensballe LG, Espenhain 

L, et al. Risk of Myopericarditis After COVID-19 Vaccination in Danish 

Children Aged 5 to 11 Years. Pediatrics. 2022;150(2). 

doi:10.1542/peds.2022-057508 

30. Oh TH, Woo SH, Hong S, Lee C, Lee WJ, Jeong SK. Clinical features of 

patients presenting to the emergency department with cardiovascular 

adverse reactions after COVID-19 mRNA vaccination. Journal of Korean 

medical science. 2022;37(9):e73. doi:10.3346/jkms.2022.37.e73 

31. Sa S, Lee CW, Shim SR, Yoo H, Choi J, Kim JH, et al. The safety of mRNA-

1273, BNT162b2 and JNJ-78436735 COVID-19 vaccines: safety 

monitoring for adverse events using real-world data. Vaccines. 

2022;10(2):320. doi:10.3390/vaccines10020320 

32. Simone A, Herald J, Chen A, Gulati N, Shen AY, Lewin B, et al. Acute 

myocarditis following COVID-19 mRNA vaccination in adults aged 18 

years or older. JAMA internal medicine. 2021;181(12):1668-70. 

doi:10.1001/jamainternmed.2021.5511 

33. Straus W, Urdaneta V, Esposito DB, Mansi JA, Rodriguez CS, Burton P, et 

al. Analysis of myocarditis among 252 million mRNA-1273 recipients 

worldwide. Clinical infectious diseases: an official publication of the 

Infectious Diseases Society of America. 2022;76(3):544-552.  
doi:10.1093/cid/ciac446 

34. Truong DT, Dionne A, Muniz JC, McHugh KE, Portman MA, Lambert LM, 

et al. Clinically suspected myocarditis temporally related to COVID-19 

vaccination in adolescents and young adults: suspected myocarditis after 

COVID-19 vaccination. Circulation. 2022;145(5):345-56.  

doi:10.1161/CIRCULATIONAHA.121.056583 

35. Oster ME, Shay DK, Su JR, Gee J, Creech CB, Broder KR, et al. Myocarditis 

cases reported after mRNA-based COVID-19 vaccination in the US from 

December 2020 to August 2021. Jama. 2022;327(4):331-40. 
doi:10.1001/jama.2021.24110 

36. Lai FT, Chua GT, Chan EW, Huang L, Kwan MY, Ma T, et al. Adverse 

events of special interest following the use of BNT162b2 in adolescents: a 

population-based retrospective cohort study. Emerging microbes & 

infections. 2022;11(1):885-93. doi:10.1080/22221751.2022.2050952 

37. Varma SK, Horton AE, Taylor AL, Ditchfield MR, Hope SA, Rao SJ. 

Myocarditis after COVID‐19 mRNA vaccination in Australia. The Medical 

Journal of Australia. 2022;217(5):260-261. doi:10.5694/mja2.51657 

38. Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, et al. 

Myocarditis after Covid-19 vaccination in a large health care organization. 

New England Journal of Medicine. 2021;385:2132-2139. 

doi:10.1056/NEJMoa2110737 

39. Wong HL, Hu M, Zhou CK, Lloyd PC, Amend KL, Beachler DC, et al. Risk 

of myocarditis and pericarditis after the COVID-19 mRNA vaccination in 

the USA: a cohort study in claims databases. The Lancet. 

2022;399(10342):2191-9. doi:10.1016/S0140-6736(22)00791-7 

40. Li X, Lai FT, Chua GT, Kwan MY, Lau YL, Ip P, et al. Myocarditis 

following COVID-19 BNT162b2 vaccination among adolescents in Hong 

Kong. JAMA pediatrics. 2022;176(6):612-4.  
doi:10.1001/jamapediatrics.2022.0101 

41. Ch’ng CC, Ong LM, Wong KM. Changes in blood pressure after Messenger 

RNA COVID-19 vaccination. Med J Malaysia. 2022;77(6). doi:N/A 

42. Syrigos N, Kollias A, Grapsa D, Fyta E, Kyriakoulis KG, Vathiotis I, et al. 

Significant Increase in Blood Pressure Following BNT162b2 mRNA 

COVID-19 Vaccination among Healthcare Workers: A Rare Event. 

Vaccines. 2022;10(5):745.  doi:10.3390/vaccines10050745 

43. Sharff KA, Dancoes DM, Longueil JL, Johnson ES, Lewis PF. Risk of 

myopericarditis following COVID‐19 mRNA vaccination in a large 

integrated health system: a comparison of completeness and timeliness of 

two methods. Pharmacoepidemiology and Drug Safety. 2022;31(8):921-5.  
doi:10.1002/pds.5439 

44. Kim YE, Huh K, Park YJ, Peck KR, Jung J. Association between 

vaccination and acute myocardial infarction and ischemic stroke after 

COVID-19 infection. Jama. 2022;328(9):887-9.  
doi:10.1001/jama.2022.12992 

45. Showkathali R, Yalamanchi R, Narra L, Vinayagamoorthy N, Gunasekaran 

S, Nayak R, et al. Coronary thrombo-embolic events after Covid-19 

vaccination-a single centre study. Indian Heart Journal. 2022;74(2):131-4.  
doi:10.1016/j.ihj.2022.01.002 

46. Whitlock EL, Diaz-Ramirez LG, Smith AK, Boscardin WJ, Covinsky KE, 

Avidan MS, et al. Association of coronary artery bypass grafting vs 

percutaneous coronary intervention with memory decline in older adults 

undergoing coronary revascularization. Jama. 2021;325(19):1955-64.  
doi:10.1001/jama.2021.5150 

https://doi.org/10.58742/bmj.v1i2.25
https://doi.org/10.58742/bmj.v1i2.25
https://covid19.who.int/
https://doi.org/10.1016/j.heliyon.2022.e11385
https://doi.org/10.1038/s41591-021-01630-0
https://doi.org/10.1038/s41591-021-01630-0
https://doi.org/10.1016/j.biopha.2022.112843
https://doi.org/10.1016/j.jemermed.2021.10.008
https://doi.org/10.1016/j.jclinepi.2021.02.003
https://doi.org/10.58742/bmj.v1i1.14
https://doi.org/10.1016/j.vaccine.2022.05.048
https://www.nejm.org/doi/full/10.1056/nejmoa2110475
https://doi.org/10.1001/jamanetworkopen.2022.18505
https://doi.org/10.1093/cid/ciab989
https://doi.org/10.1016/j.amjcard.2021.10.022
https://doi.org/10.1093/ehjqcco/qcab090
https://doi.org/10.1148/radiol.212559
https://doi.org/10.1016/j.vaccine.2022.07.007
https://doi.org/10.1136/bmj-2021-068665
https://doi.org/10.1136/bmj-2021-068665
https://doi.org/10.1542/peds.2021-053427
https://doi.org/10.1016/j.acvd.2021.06.001
https://doi.org/10.1055/a-1752-0951
https://doi.org/10.1056/NEJMoa2109730
https://doi.org/10.1001/jamacardio.2021.2833
https://doi.org/10.1542/peds.2022-057508
https://doi.org/10.3346/jkms.2022.37.e73
https://doi.org/10.3390/vaccines10020320
https://doi.org/10.1001/jamainternmed.2021.5511
https://doi.org/10.1093/cid/ciac446
https://doi.org/10.1093/cid/ciac446
https://doi.org/10.1161/CIRCULATIONAHA.121.056583
https://doi.org/10.1161/CIRCULATIONAHA.121.056583
https://doi.org/10.1001/jama.2021.24110
https://doi.org/10.1080/22221751.2022.2050952
https://doi.org/10.5694/mja2.51657
https://doi.org/10.1056/NEJMoa2110737
https://doi.org/10.1016/S0140-6736(22)00791-7
https://doi.org/10.1001/jamapediatrics.2022.0101
https://doi.org/10.1001/jamapediatrics.2022.0101
https://doi.org/10.3390/vaccines10050745
https://doi.org/10.1002/pds.5439
https://doi.org/10.1002/pds.5439
https://doi.org/10.1001/jama.2022.12992
https://doi.org/10.1001/jama.2022.12992
https://doi.org/10.1016/j.ihj.2022.01.002
https://doi.org/10.1016/j.ihj.2022.01.002
https://doi.org/10.1001/jama.2021.5150
https://doi.org/10.1001/jama.2021.5150


 

 

41 

 

Barw Medical Journal  |  2023;1(2):32-41  |  https://doi.org/10.58742/bmj.v1i2.25 Amin et al. 

47. Mansanguan S, Charunwatthana P, Piyaphanee W, Dechkhajorn W, 

Poolcharoen A, Mansanguan C. Cardiovascular manifestation of the 

BNT162b2 mRNA COVID-19 vaccine in adolescents. Tropical Medicine 

and Infectious Disease. 2022;7(8):196. doi:10.3390/tropicalmed7080196 

48. Patel T, Kelleman M, West Z, Peter A, Dove M, Butto A, et al. Comparison 

of Multisystem Inflammatory Syndrome in Children–Related Myocarditis, 

Classic Viral Myocarditis, and COVID‐19 Vaccine‐Related Myocarditis in 

Children. Journal of the American Heart Association. 2022;11(9):e024393. 

doi:N/A 

49. Patel YR, Shah NR, Lombardi K, Agarwal S, Has P, Patel R, et al. Cardiac 

MRI findings in male patients with acute myocarditis in the presence or 

absence of COVID-19 vaccination. Radiology: Cardiothoracic Imaging. 

2022;4(3):e220008. doi:10.1148/ryct.220008 

50. Zornitzki L, Havakuk O, Rozenbaum Z, Viskin D, Arbel Y, Flint N, et al. 

Immune Checkpoint Inhibitor-Induced Myocarditis vs. COVID-19 Vaccine-

Induced Myocarditis—Same or Different?. Life. 2022;12(9):1366. 

doi:10.3390/life12091366 

51. Corrao G, Franchi M, Cereda D, Bortolan F, Leoni O, Vignati E, et al. 

Increased risk of myocarditis and pericarditis and reduced likelihood of 

severe clinical outcomes associated with COVID-19 vaccination: a cohort 

study in Lombardy, Italy. BMC infectious diseases. 2022;22(1):1-1. 

doi:10.1186/s12879-022-07823-3 

52. Scully M, Singh D, Lown R, Poles A, Solomon T, Levi M, et al. Pathologic 

antibodies to platelet factor 4 after ChAdOx1 nCoV-19 vaccination. New 

England Journal of Medicine. 2021;384(23):2202-11. 

doi:10.1056/NEJMoa2105385 

53. Fazlollahi A, Zahmatyar M, Noori M, Nejadghaderi SA, Sullman MJ, 

Shekarriz‐Foumani R, et al. Cardiac complications following mRNA 

COVID‐19 vaccines: A systematic review of case reports and case series. 

Reviews in medical virology. 2022;32(4):e2318. doi:10.1002/rmv.2318 

54. Pollack A, Kontorovich AR, Fuster V, Dec GW. Viral myocarditis—

diagnosis, treatment options, and current controversies. Nature Reviews 

Cardiology. 2015;12(11):670-80. doi:10.1038/nrcardio.2015.108 

55. Le Vu S, Bertrand M, Jabagi MJ, Botton J, Drouin J, Baricault B, et al. Age 

and sex-specific risks of myocarditis and pericarditis following Covid-19 

messenger RNA vaccines. Nature communications. 2022;13(1):3633. 

doi:10.1038/s41467-022-31401-5 

56. Bozkurt B, Kamat I, Hotez PJ. Myocarditis with COVID-19 mRNA 

vaccines. Circulation. 2021;144(6):471-84. doi:N/A 

57. Lai FT, Li X, Peng K, Huang L, Ip P, Tong X, et al. Carditis after COVID-

19 vaccination with a messenger RNA vaccine and an inactivated virus 

vaccine: a case–control study. Annals of internal medicine. 

2022;175(3):362-70. doi:10.7326/M21-3700 

58. US Food and Drug Administration. Review Memorandum Re: EUA 

amendment request for a booster dose of the Moderna COVID-19 Vaccine. 

October 20, 2021. Accessed November 11, 2021. 

https://www.fda.gov/media/153911/ 

59. Ling RR, Ramanathan K, Tan FL, Tai BC, Somani J, Fisher D, et al. 

Myopericarditis following COVID-19 vaccination and non-COVID-19 

vaccination: a systematic review and meta-analysis. The Lancet Respiratory 

Medicine. 2022;10: 679–88. doi:10.1016/S2213-2600(22)00059-5 

60. Klein NP, Lewis N, Goddard K, Fireman B, Zerbo O, Hanson KE, et al. 

Surveillance for adverse events after COVID-19 mRNA vaccination. Jama. 

2021;326(14):1390-9. doi:10.1001/jama.2021.15072 

61. Botton J, Jabagi MJ, Bertrand M, Baricault B, Drouin J, Le Vu S, et al. Risk 

for myocardial infarction, stroke, and pulmonary embolism following 

COVID-19 vaccines in adults younger than 75 Years in France. Annals of 

internal medicine. 2022;175(9):1250-7. doi:10.7326/M22-0988 

https://doi.org/10.58742/bmj.v1i2.25
https://doi.org/10.58742/bmj.v1i2.25
https://doi.org/10.3390/tropicalmed7080196
https://doi.org/10.1148/ryct.220008
https://doi.org/10.3390/life12091366
https://doi.org/10.1186/s12879-022-07823-3
https://doi.org/10.1056/NEJMoa2105385
https://doi.org/10.1002/rmv.2318
https://doi.org/10.1038/nrcardio.2015.108
https://doi.org/10.1038/s41467-022-31401-5
https://doi.org/10.7326/M21-3700
https://www.fda.gov/media/153911/
https://doi.org/10.1016/S2213-2600(22)00059-5
https://doi.org/10.1001/jama.2021.15072
https://doi.org/10.7326/M22-0988

