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Country & Developer How It Works Price ($) Status

USA and Germany Pfizer-BioNTech mRNA, single-stranded RNA 30 Approved in U.S., other countries. 
Emergency use in E.U., other countries.

USA Moderna mRNA, single-stranded RNA 35 Approved in Switzerland.
Emergency use in U.S., E.U., other countries.

USA & Belgium Johnson & Johnson DS DNA in adenovirus Ad26 10 Emergency use in U.S., E.U., other countries.

UK & Sweden Oxford-AstraZeneca chimpanzee adenovirus, 
ChAdOx1 5 Approved in Brazil.

Emergency use in U.K., E.U., other countries.

USA Novavax Spike Protein ? Emergency use in U.S

Russia Gamaleya DS DNA in adenovirus 
Ad26, Ad5 3 Emergency use in Russia, other countries.

China CanSino DS DNA in adenovirus Ad5 Approved in China.
Emergency use in other countries.

Russia Vector Institute Spike Protein 3 Approved in Turkmenistan. Early use in Russia.

China Sinopharm Inactivated Sars-2 ? Approved in China, U.A.E., Bahrain. 
Emergency use in other countries.

China Sinovac Inactivated Sars-2 ? Approved in China.
Emergency use in other countries.

China
Sinopharm-Wuhan

Inactivated Sars-2 ? Approved in China. Limited use in U.A.E

India Bharat Biotech Inactivated Sars-2 ? Emergency use in India, other countries.

Vaccines against COVID19

https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#pfizer
https://www.nytimes.com/interactive/2020/health/moderna-covid-19-vaccine.html
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#moderna
https://www.nytimes.com/interactive/2020/health/moderna-covid-19-vaccine.html
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#jnj
https://www.nytimes.com/interactive/2020/health/johnson-johnson-covid-19-vaccine.html
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#astrazeneca
https://www.nytimes.com/interactive/2020/health/oxford-astrazeneca-covid-19-vaccine.html
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#novavax
https://www.nytimes.com/interactive/2020/health/novavax-covid-19-vaccine.html
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#gamaleya
https://www.nytimes.com/interactive/2021/health/gamaleya-covid-19-vaccine.html
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#cansino
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#vector
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#sinopharm
https://www.nytimes.com/interactive/2020/health/sinopharm-covid-19-vaccine.html
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#sinovac
https://www.nytimes.com/interactive/2020/health/sinovac-covid-19-vaccine.html
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#wuhan
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#bharat


Haas et al, Lancet May 15, 2021



Pfizer-BioNTech BNT162b2 vaccine in Israel

• Following Emergency Use Authorization* of the Pfizer-BioNTech 
BNT162b2 vaccine by the FDA, authorization was granted for use in 
Israel and on December 20, 2020, a national vaccination campaign 
was initiated.

*Emergency Use Authorization: Pfizer-BioNTech COVID-19 vaccine. 2021; Washington, D.C., U.S.A.:
U.S. Food and Drug Administration (FDA). Available online: https://www.fda.gov/emergency-
preparedness-and-response/coronavirus-disease-2019-covid-19/pfizer-biontech-covid-19-vaccine. 
Accessed July 16, 2021

http://www.fda.gov/emergency-


• On January 10th, 2021, the first patient ever with post-vaccination 
myocarditis was hospitalized at the Department of Medicine B, 
Hadassah Medical Center, Ein Karem, Jerusalem and was reported the 
MoH in Israel and WHO (as well as by : @DrorMevorach).

• The MoH then established a special committee to follow-up possible 
myocarditis cases.



A nationwide active surveillance of myocarditis
• Beginning in December 2020 a campaign of passive surveillance was

conducted for adverse events following immunization within 21 days
following the first dose and 30 days following the second dose and
reported to the Ministry of Health (MoH) by healthcare providers as 
required by Israeli law.

• Following few cases of myocarditis that were followed by a special
committee of the MoH, MoH subsequently initiated an active surveillance
beginning retrospectively from December 2020 by requesting that all
hospitals report cases of myocarditis, with or without pericardial effusion 
and regardless of vaccination status.

• Cases of suspected myocarditis are almost always hospitalized in Israel, and
therefore surveillance data should approximate all cases of myocarditis 
during the period of active surveillance.
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Active surveillance of myocarditis: Methods

• The diagnostic criteria for myocarditis were adapted from the case
definition and classification of the Brighton Collaboration
Myocarditis Case Definition. Myocarditis/pericarditis case definition. 2021; Decatur, GA,
USA: Brighton Collaboration of the Task Force for Global Health. Available online: 
https://brightoncollaboration.us/myocarditis-case-definition-update/. Accessed July 25, 2021.

• Cases were also compared to classifications of myocarditis issued
by the CDC for adverse events following smallpox vaccination.
Surveillance guidelines for smallpox vaccine (vaccinia) adverse reactions. MMWR Morbid Mortal Wkly Rep 2006;
55(RR01):1-16 Washington, DC, USA: Centers for Disease Control (CDC), US Department of Health and
Human Services (HHS). Available online: 
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5501a1.htm#top. Accessed July 22, 2021.

• Cases were classified as definitive (biopsy is not mandatory), probable, 
possible, cases with insufficient data, or cases that were ruled out as 
myocarditis.

https://brightoncollaboration.us/myocarditis-case-definition-update/
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5501a1.htm#top


Active surveillance of myocarditis: Methods (III)

To assess the incidence of myocarditis in vaccinated individuals, three 
approaches were used:

• Rate ratio between vaccinated and nonvaccinated individuals.

• Overall, risk difference between first and second vaccines.

• Observed-to-expected ratio. We compared the observed incidence to 
the expected incidence (standardized incidence ratios (SIR) in
previous years.
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Figure S3. Mevorach et al.



Gender & Timing: First dose

Gender & Timing : Second dose

Gender & Age: First dose

Gender & Age: Second dose

Mevorach et al. N Engl J Med, October 2021
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Mevorach et al. N Engl J Med, October 2021: Supplementary Appendix



Mevorach et al. N Engl J Med, October 2021



Risk of Myocarditis within 21 Days after the First or Second Dose of Vaccine, According to Age and Sex

Mevorach et al. N Engl J Med, October 2021



Observed to expected ratio. Standardized Incidence Ratios (SIRs) and 95%CI for myocarditis by vaccine dose, age, and 
gender – all cases diagnosed within 21d and 30d following the first and second vaccination, respectively

Mevorach et al. N Engl J Med, October 2021



Mevorach et al. The New England 
Journal of Medicine January 26, 2022





• Risk estimates in the 21 days following doses 1 and 2, respectively, were overall
0.56/100,000 persons and 8.09/100,000 for males, and 0/100,000 and 0.69/100,000 for 
females.

• The risk of myocarditis following the second vaccine dose in males ages 12−15 was 
estimated as 1:12,369 and for females, 1:144,439. The risks were lower than for males 
aged 16−29 in our previous report,1 but slightly higher than U.S. Centers for Disease 
Control and Prevention estimates of approximately 1:80,000 cases after the second dose 
in individuals aged 12−39, and approximately 1:15,000 and 1:19,000 for males aged 
12−17 and 18−24, respectively.3,4 These differences may be explained by the use of 
active surveillance in our population. A possible explanation for the absence of cases of 
myocarditis in a phase 3 trial of the vaccine, is the relatively small number of 1131 
vaccinated adolescents between ages 12 and 15, of whom only 567 were male.5

Myocarditis after BNT162b2 Vaccination in 
Adolescents 12 to 15 Years of Age



SARS-CoV-2 Vaccination and Myocarditis in a 2 Nordic Cohort study of 
23 Million residents
Karlstad/Hovi, and Husby/Hviid/Ljung et al. Jama-Cardiology 2022

• Norwegian Institute of Public Health, Department of Chronic Diseases, Oslo, Norway
• Finnish Institute for Health and Welfare, Department of Public Health and Welfare, 8 Helsinki, 

Finland
• Statens Serum Institut, Department of Epidemiology Research, Copenhagen, Denmark
• Imperial College London, Department of Epidemiology and Biostatistics, London,
• Swedish Medical Products Agency, Division of Licensing, Uppsala, Sweden
• Finnish Institute for Health and Welfare, Health Security, Helsinki, Finland
• Norwegian Research Centre for Women’s Health, Oslo University Hospital, Oslo
• Swedish Medical Products Agency, Division of Use and Information, Uppsala, Sweden
• Finnish Institute for Health and Welfare, Information Services, Helsinki, Finland
• Pharmacovigilance Research Center, Department of Drug Design and Pharmacology, University of 

Copenhagen, Copenhagen, Denmark
• Karolinska Institutet, Institute of Environmental Medicine, Stockholm, Sweden



SARS-CoV-2 Vaccination and Myocarditis in a 2 Nordic Cohort study of 
23 Million residents.
Karlstad/Hovi, and Husby/Hviid/Ljung et al. JAMA-Cardiology 2022
• Their findings: Among 23.1 million residents (81% vaccinated by study end), 1,077

myocarditis and 1,149 pericarditis events. Within the 28-day period, second dose of
BNT162b2 and mRNA-1273 were for males and females 12 years and older combined,
associated with higher risk of myocarditis, adjusted RRs 1.8 (95% CI, 1.4-2.1) and 6.6 
(4.6-9.3), respectively.

• Among males 16-24 years RRs were 5.3 (3.7-7.7) and 13.8 (8.1- 84 23.7), and excess
events 5.6 (3.7-7.4) and 18.4 (9.1-27.7) per 100,000 vaccinee, respectively. RRs for the 7-
day period were higher. Estimates for pericarditis were similar.

• In comparison to a nationwide active surveillance (Mevorach et al. ) with verification of 
the diagnoses adjusted RRs 1.76 (Mevorach et al.) versus 1.8 in the current manuscript) 
were similar for BNT162b2. However, among males 16-24 years RRs were 7.54 
(Mevorach et al. ) versus 5.3 in the current manuscript suggesting a bit lower reported 
incidence in the current manuscript. These differences may arise from the method of 
collection but possibly also from predisposition differences.



Cardiovascular Manifestation of the BNT162b2 mRNA 
COVID-19 Vaccine in Adolescents
Mansanguan et al. Trop Med Infect Dis 2022 Aug 19;7(8):196

• This prospective cohort study enrolled students aged 13-18 years 
from two schools, who received the second dose of the BNT162b2 
mRNA COVID-19 vaccine.

• Data including demographics, symptoms, vital signs, ECG, 
echocardiography, and cardiac enzymes were collected at baseline, 
Day 3, Day 7, and Day 14 (optional) using case record forms.

• We enrolled 314 participants; of these, 13 participants were lost to 
follow-up, leaving 301 participants for analysis.



Cardiovascular Manifestation of the BNT162b2 mRNA 
COVID-19 Vaccine in Adolescents
Mansanguan et al. Trop Med Infect Dis 2022 Aug 19;7(8):196

• The most common cardiovascular signs and symptoms were 
tachycardia (7.64%), shortness of breath (6.64%), palpitation (4.32%), 
chest pain (4.32%), and hypertension (3.99%).

• Seven participants (2.33%) exhibited at least one elevated cardiac 
biomarker or positive lab assessments.

• Cardiovascular manifestations were found in 29.24% of patients, 
ranging from tachycardia or palpitation to myopericarditis. 
Myopericarditis was confirmed in one patient after vaccination (0.3%)



Cardiovascular Manifestation of the BNT162b2 mRNA 
COVID-19 Vaccine in Adolescents
Mansanguan et al. Trop Med Infect Dis 2022 Aug 19;7(8):196

• Conclusions:
• In a prospective study of teenager's cohort of second vaccination, 

1:301 (0.3%) were found with "mild myocarditis", (for a comparison 
we have reported 1:6600. this is 20 times higher).

• “We found the risk of these symptoms to be not as low as reported 
elsewhere, but in all cases, symptoms were mild with full recovery 
within 14 days.”



Limitations of the study by Mansanguan et al.
• Myocarditis was not validated by myocardial biopsy, and acquisition bias could be present 

as clinical assessors were not masked to whether the individual was vaccinated or not.
• Misclassification may have taken place. The diagnostic criteria for myocarditis were

NOT an acceptable classification case definition:classification of the Brighton 
Collaboration Myocarditis Case Definition or Smallpox definitions).

• Myocarditis patients were those with the presence or worsening of more than one of
the following clinical symptoms along with evidence of inflammation: (1) chest pain,
pressure, or discomfort; (2) dyspnea, shortness of breath, or pain with breathing; (3)
palpitation; or (4) syncope and more than one new finding of: (a) troponin level above
upper normal limit of normal; (b) abnormal ECG or rhythm monitoring consistent with
myocarditis; (c) abnormal cardiac function or wall motion on echocardiography; (d)
cardiac magnetic resonance imaging (cMRI) findings consistent with myocarditis and 
no identifiable cause for symptoms and findings.

• The sample error may be relevant as this is a small study and the rate of 1:301 can easily be 
1:600 in a bigger study and even lower.



September 2022



Myocarditis After BNT162b2 COVID-19 3rd 

Booster Vaccine in Israel

• Compared to vaccine dose 1, for males the overall risk differences per 100,000 
were 0.63 (95%CI 0.03 to 1.27), with higher risk mainly in 16-19 years young 
males, 5.25 (95%CI 0.35 to 11.46); and 20-24 years, 2.26 (95%CI -1.53 to 6.77).

• Observed-to-expected myocarditis incidence in the 30 days following the booster 
vaccine dose was SIR=2.29 (95% CI 1.56 to 3.23) and SIR=1.03 (95% CI 0.21 to 
3.00) in males and females, respectively, with significantly elevated ratios for 
males aged 16−19 (SIR=5.45, 95%CI 1.99-11.87), 20−24 (SIR=4.68, 95%CI 2.01-
9.22) and 40+ (SIR=2.59, 95%CI 1.29 to 4.63) years.





Adverse effects (AEs)in vaccination: Defining 
the problem
• Are AE’s mild or severe? Fatal or transient?
• Are AE’s :
Very likely/ Probable/Possible/Unlikely/Unrelated/Unclassifiable
• Are AE’s collected passively or actively?
• Are AE’s idiosyncratic or general? (example anaphylaxis)
• Risk/benefit?
• How would AE’s change vaccination policy? Public behavior?



Characteristic
BNT162b2 
(N=18,860)

Placebo 
(N=18,846)

Total 
(N=37,706)

Sex — no. (%)

Male 9,639 (51.1) 9,436 (50.1) 19,075 (50.6)

Female 9,221 (48.9) 9,410 (49.9) 18,631 (49.4)

Race or ethnic group — no. 
(%)†

White 15,636
(82.9)

15,630
(82.9)

31,266 (82.9)

Black or African American 1,729 (9.2) 1,763 (9.4) 3,492 (9.3)

Asian 801 (4.2) 807 (4.3) 1,608 (4.3)

Native American or 
Alaska Native

102 (0.5) 99 (0.5) 201 (0.5)

Native Hawaiian or other 
Pacific Islander

50 (0.3) 26 (0.1) 76 (0.2)

https://www.nejm.org/doi/full/10.1056/nejmoa2034577#t1fn2


The mechanism of vaccine-induced myocarditis

Related to the active component of the vaccine, the mRNA sequence that 
codes for the spike [S] protein of SARS-CoV-2?
Related to the immune response that follows vaccination?
• mRNA vaccines tend to act as their own adjuvant and stimulate a further 

immune response that improves their efficacy.
• RNA is encapsulated in liposomes to avoid degradation by RNases, and the 

molecule is delivered inside target cells following a process of endocytosis.
• mRNA is then translated into immunogenic proteins by cell ribosomal 

processing. Prior to translation, mRNA may bind pattern recognition 
receptors (PRRs) in endosomes or cytosol.



The mechanism of vaccine-induced myocarditis

• Toll-like receptors (TLR)3, TLR7, and TLR8 are able to recognize chains 
of double-stranded RNA (dsRNA) or single-stranded RNA (ssRNA) in 
endosomes, while retinoic acid-inducible gene-I (RIG-I) and 
melanoma differentiation-associated protein 5 (MDA5) may detect 
short and long filaments of dsRNA in the cytosol.

• In any of these scenarios, the result would be activation of several 
pro-inflammatory cascades, including inducing expression of 
complement components, assembly of inflammasome platforms, 
type I interferon (IFN) response, and nuclear activation of nuclear 
factor (NF)-kB.



Lorenz et al. NEJM; September 21, 2022

IL-1RA Antibodies in Myocarditis after SARS-CoV-2 Vaccination



Circulating Spike Protein Detected in Post–COVID-19 mRNA Vaccine Myocarditis
Circulation. 2023;0 
Abstract 
METHODS:
From January 2021 through February 2022, we prospectively collected blood from 16 patients who were 
hospitalized at Massachusetts General for Children or Boston Children’s Hospital for myocarditis, presenting 
with chest pain with elevated cardiac troponin T after SARS-CoV-2 vaccination. We performed extensive 
antibody profiling, including tests for SARS-CoV-2–specific humoral responses and assessment for 
autoantibodies or antibodies against the human-relevant virome, SARS-CoV-2–specific T-cell analysis, and 
cytokine and SARS-CoV-2 antigen profiling. Results were compared with those from 45 healthy, 
asymptomatic, age-matched vaccinated control subjects.
RESULTS:
Extensive antibody profiling and T-cell responses in the individuals who developed postvaccine myocarditis 
were essentially indistinguishable from those of vaccinated control subjects, despite a modest increase in 
cytokine production. A notable finding was that markedly elevated levels of full-length spike protein 
(33.9±22.4 pg/mL), unbound by antibodies, were detected in the plasma of individuals with postvaccine 
myocarditis, whereas no free spike was detected in asymptomatic vaccinated control subjects
(unpaired t test; P<0.0001).
CONCLUSIONS:
Immunoprofiling of vaccinated adolescents and young adults revealed that the mRNA vaccine–induced 
immune responses did not differ between individuals who developed myocarditis and individuals who did 
not. However, free spike antigen was detected in the blood of adolescents and young adults who developed 
post-mRNA vaccine myocarditis, advancing insight into its potential underlying cause.



Genetic evaluation



Follow up

• We have a database of >200 patients with vaccine induced 
myocarditis

• We follow the patients, using questionnaires, physical exam, blood 
tests, echocardiogram and MRI
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