
 
 

December 1, 2023 
 
The Honorable Lloyd J. Austin III 
Secretary 
Department of Defense 
 
Dear Secretary Austin: 
 
 For over two years, the Department of Defense (DoD) has failed to be transparent to my 
office and the public about the adverse events associated with the COVID-19 vaccines.  As DoD 
stonewalled my requests for data that could provide service members and their families much-
needed information about the health consequences of the vaccines, DoD pushed these potentially 
harmful products onto service members through a vaccine mandate.1  Many service members 
were wrongfully discharged due to their refusal to get the COVID-19 vaccine.2   
 

It now appears that the U.S. Army is allowing discharged service members to “request a 
correction to military personnel records, including records regarding the characterization of 
discharge.”3  The Army reportedly included this language in a letter sent “to approximately 1,900 
individuals who had previously been separated for refusal to obey the mandatory COVID 
vaccination order.”4  Allowing service members to request to correct their records or potentially 
apply to return to service falls well short of providing those brave men and women any kind of 
compensation resulting from their involuntary separation and a profound apology for upending 
their lives.      
 

                                                 
1 Memorandum from Secretary of Defense Lloyd Austin to Senior Pentagon Leadership, et al. (Aug. 24, 2021) 
(available at https://media.defense.gov/2021/Aug/25/2002838826/-1/-1/0/MEMORANDUM-FOR-
MANDATORYCORONAVIRUS-DISEASE-2019-VACCINATION-OF-DEPARTMENT-OF-DEFENSE-
SERVICEMEMBERS.PDF). 
2 Rebecca Kheel, Protections for troops booted over COVID vaccine mandate added to House defense bill, 
Military.com, June 21, 2023, https://www military.com/daily-news/2023/06/21/protections-troops-booted-over-
covid-vaccine-mandate-added-house-defense-bill html (stating more than 8000 service members were discharged 
under the vaccine mandate). 
3 Danielle Wallace, Army sends letter to troops dismissed for refusing COVID vaccine amid military's recruitment 
woes, Fox News, Nov. 21, 2023, https://www.foxnews.com/us/army-sends-letter-troops-dismissed-refusing-covid-
vaccine-amid-militarys-recruitment-woes; Kelly Laco, Army slammed for desperate attempt to win back favor with 
soldiers fired for refusing the COVID vaccine as the military enters 'panic mode' due to severe recruitment 
challenges, Daily Mail, Nov. 21, 2023, https://www.dailymail.co.uk/news/article-12776347/Army-slammed-
desperate-attempt-win-favor-soldiers-fired-refusing-COVID-vaccine-military-enters-panic-mode-severe-
recruitment-challenges html. 
4 Danielle Wallace, Army sends letter to troops dismissed for refusing COVID vaccine amid military's recruitment 
woes, Fox News, Nov. 21, 2023, https://www.foxnews.com/us/army-sends-letter-troops-dismissed-refusing-covid-
vaccine-amid-militarys-recruitment-woes. 
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If DoD wants to restore its credibility and trust among current and prospective service 
members, it needs to show that it is willing to be transparent and forthcoming regarding the 
safety of the COVID-19 vaccines.5 

 
The health and well-being of all service members is crucial to military readiness, which is 

why I have pressed DoD for information on its inappropriate and dangerous COVID-19 vaccine 
mandates and its tracking of increases in adverse medical conditions in the Defense Medical 
Epidemiology Database (DMED).    
 

Based on reports I continue to receive from DoD whistleblowers, I am concerned that 
adverse medical events are persistent in DoD.  DoD previously confirmed to my office that 
DMED data from a DoD whistleblower accurately showed increases in at least 11 serious 
registered medical diagnoses in DMED in 2021 compared to a five-year average from 2016-
2020.6  These conditions included:7 
 

 Myocarditis, unspecified: 130.5% increase 
 Malignant neoplasms of esophagus: 56.6% increase 
 Pulmonary embolism: 41.2% increase 
 Ovarian dysfunction: 38.2% increase 
 Complications and ill-defined descriptions of heart disease: 37.7% increase 

 
Last month, DoD admitted to my office that it has “identified an increased incidence of 

very rare conditions – myo/pericarditis – during COVID-19 vaccine introduction in 2021.”8  In 
its response, DoD attempted to downplay the significance of this by stating: 

 
It is difficult to report precise numbers of adverse events following immunization 
since establishing a causal relationship between vaccination and a clinical 
diagnosis can be challenging.  Nonetheless, the military has identified 80-90 
cases of myo/pericarditis in Service members following administration of 
more than 4 million COVID-19 vaccine doses in this population.9 

 
It is clear, based on this response, that DoD still does not fully appreciate or comprehend the 
variety of health risks that are associated with the COVID-19 vaccines that it required all service 
members to receive.   
 

                                                 
5 Ellen Mitchell, Army revamps recruiting in face of enlistment shortfalls, The Hill, Oct. 3, 2023, 
https://thehill.com/policy/defense/4236203-army-revamps-recruiting-in-face-of-enlistment-shortfalls/. 
6 Letter from Gilbert Cisneros, Jr., Dep’t of Defense, to Sen. Ron Johnson, Ranking Member, Permanent Subcomm. 
on Investigations, July 5, 2023, https://www.ronjohnson.senate.gov/services/files/425B7B09-7BF3-4588-9231-
5C7D561B05D3 at 8. 
7 Letter from Sen. Ron Johnson, Ranking Member, Permanent Subcomm. on Investigations, to Lloyd Austin, Sec., 
Dep’t of Defense, Mar. 21, 2023, https://www ronjohnson.senate.gov/services/files/C7B70308-BB0B-451F-83B5-
8B354BF83862. 
8 Letter from Ashish Vazirani, Dep’t of Defense, to Sen. Ron Johnson, Ranking Member, Permanent Subcomm. on 
Investigations, Oct. 11, 2023 (enclosed). 
9 Id. (emphasis added).  
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Over the last two years I have sent over 60 public letters to federal agencies, including 
DoD, on various aspects of the pandemic.  The overall lack of transparency from you and your 
colleagues on COVID-19 vaccine safety and efficacy is appalling.   

 
I am particularly disappointed with DoD’s failure to respond to my December 19, 2022 

letter requesting Tricare data on claims filed after COVID-19 vaccination.10  DoD officials have 
ignored multiple requests from my staff over the last three months for an update on the status of 
DoD’s response to the December 2022 letter.  It is unacceptable that DoD has not responded at 
all to that request and completely unprofessional that your representatives have ignored inquiries 
from my staff on this matter.  

 
In addition, I am still waiting to receive complete answers to questions my staff sent DoD 

following the publication of a news article that reported on more DMED data from a DoD 
whistleblower.  According to the article, the whistleblower presented increases in DMED 
medical diagnoses in 2021 compared to the five-year average from 2016-2020 including, 
“exposure to forces of nature (773 percent); water transport accidents (7,400 percent); land 
transport vehicle accidents (526 percent); suicide attempts (33 percent); assault (828 percent); 
slipping, tripping, stumbles, and falls (471 percent); and intentional self-harm (147 percent).”11   

 
Based on information from the whistleblower, the article noted, “[h]istorically, if the 

Pentagon noticed a trend in certain areas such as abuse and suicide, he said, the department 
would hold a safety stand-down—a military-wide mandatory training and review in which all 
commands require 100 percent participation.”12  Below are my office’s questions based on this 
article that remain unanswered: 
 

1. Is DoD aware of the increases of the registered diagnoses in DMED highlighted above in 
2021 compared to the five-year average (2016-2020)? 
 

2. Does DoD agree with the reported increases of the registered diagnoses in DMED 
highlighted above in 2021 compared to the five-year average (2016-2020)? 
 

3. Is DoD aware whether the registered diagnoses in DMED highlighted above increased in 
2022 compared to 2021? 
 

4. Is the following accurate: “If the Pentagon noticed a trend in certain areas such as abuse 
and suicide, he said, the department would hold a safety stand-down—a military-wide 
mandatory training and review in which all commands require 100 percent 

                                                 
10 Letter from Sen. Ron Johnson, Ranking Member, Permanent Subcomm. on Investigations, to Lt. Gen. Ronald J. 
Place, Dir., Defense Health Agency, Dec. 19, 2023, https://www ronjohnson.senate.gov/services/files/64448E0A-
264E-48C0-83C4-26F22424546A. 
11 J.M. Phelps, EXCLUSIVE: Whistleblower Who Disclosed Myocarditis Spike in Military After COVID Vaccine 
Rollout Goes Public, Epoch Times, Aug. 30, 2023, https://www.theepochtimes.com/us/exclusive-whistleblower-
who-disclosed-myocarditis-spike-in-military-after-covid-vaccine-goes-public-
5477416?utm_source=partner&utm_campaign=TheChiefNerd&src_src=partner&src_cmp=TheChiefNerd. 
12 Id. 
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participation”?13 
 

5. What steps, if any, has DoD taken to investigate the increases of the registered diagnoses 
in DMED highlighted above? 
 

6. Has DoD issued any mandatory training or review as a result of the increases of the 
registered diagnoses in DMED highlighted above? 
 

7. When were the following medical diagnoses made available to enter into DMED: 
exposure to forces of nature; water transport accidents; land transport vehicle accidents; 
suicide attempts; assault; slipping, tripping, stumbles, and falls; and intentional self-
harm.  Is it common for non-medical diagnoses to be included in DMED (like water 
transport accidents)? 

 
In addition to the questions above, I request the following information based on the 

Army’s letter to discharged service members: 
 

1. Does DoD intend to provide compensation to individuals who were “involuntarily 
separated for refusal to receive the COVID-19 vaccination”?14  If so, how should those 
individuals obtain their compensation and when will those individuals receive 
compensation?  If not, why not? 
 

2. How will DoD review requests from service members who were “involuntarily separated 
for refusal to receive the COVID-19 vaccination” to correct “military personnel records, 
including records regarding the characterization of discharge”?15  What, if any, specific 
criteria will DoD use in order to determine whether a former service member is eligible 
for such a correction?  How long does this review process take?  How will DoD change 
the “characterization of discharge” on individuals’ records?16 
 

3. From August 24, 2021 to September 1, 2023, how many individuals who were 
“involuntarily separated for refusal to receive the COVID-19 vaccination” have 
requested, received, or have been denied “correction[s] to military personnel records, 
including records regarding the characterization of discharge”?17  In a separate chart, 
please list the types of characterizations of discharge and specify how many requests for 
corrections for each characterization were received, granted, or denied.  
 

                                                 
13 Id. 
14 Danielle Wallace, Army sends letter to troops dismissed for refusing COVID vaccine amid military's recruitment 
woes, Fox News, Nov. 21, 2023, https://www.foxnews.com/us/army-sends-letter-troops-dismissed-refusing-covid-
vaccine-amid-militarys-recruitment-woes; Kelly Laco, Army slammed for desperate attempt to win back favor with 
soldiers fired for refusing the COVID vaccine as the military enters 'panic mode' due to severe recruitment 
challenges, Daily Mail, Nov. 21, 2023, https://www.dailymail.co.uk/news/article-12776347/Army-slammed-
desperate-attempt-win-favor-soldiers-fired-refusing-COVID-vaccine-military-enters-panic-mode-severe-
recruitment-challenges html. 
15 Id. 
16 Id. 
17 Id. 
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4. After September 1, 2023, how many individuals who were “involuntarily separated for 
refusal to receive the COVID-19 vaccination” have requested, received, or have been 
denied “correction[s] to military personnel records, including records regarding the 
characterization of discharge”?18  In a separate chart, please list the types of 
characterizations of discharge and specify how many requests for corrections for each 
characterization were received, granted, or denied. 
 

5. For service members who were “involuntarily separated for refusal to receive the 
COVID-19 vaccination” and apply to return to service, how long will it take those 
individuals to be reinstated?19  What, if any, specific criteria will DoD use in order to 
determine whether a former service member is eligible to be reinstated?  What 
consequences, if any, will those individuals face if they are reinstated (e.g., demotion or 
relocation)? 
 

6. Will other branches of the military issue similar letters to service members who were 
discharged after refusing to receive the COVID-19 vaccine?  If so, what other branches, 
when will those letters be sent, and how many individuals from each branch will receive 
a letter? 
 
Inquiries and requests for information concerning the health and well-being of service 

members should never be ignored, particularly when those questions are from members of 
Congress and their staff.  During your January 19, 2021 nomination hearing in front of the 
Senate Armed Services Committee, you committed to providing records to Congressional 
committees upon request.20  Under your leadership, DoD’s overall lack of responsiveness and 
transparency regarding the COVID-19 vaccines calls into question your previous commitment 
before the Senate.  I look forward to your complete responses to all of my requests by no later 
than December 15, 2023.  Thank you for your attention to this matter. 
 
      Sincerely, 
 
       

 
 
Ron Johnson 

      Ranking Member 
      Permanent Subcommittee on Investigations 
 
Enclosure 
 
 
 

                                                 
18 Id. 
19 Id. 
20 Hearing to examine the expected nomination of Lloyd J. Austin III, to be Secretary of Defense, 117th Cong. 
(2021) video available at https://www.armed-services.senate.gov/hearings/21-01-19-nomination.  
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cc: The Honorable Richard Blumenthal 
 Chairman 
 Permanent Subcommittee on Investigations 
 

The Honorable Christine Wormuth 
Secretary of the Army 
 
The Honorable Carlos Del Toro 
Secretary of the Navy 
 
The Honorable Frank Kendall 
Secretary of the Air Force 

 
General Eric Smith 
Commandant of the Marine Corp 
 
General B. Chance Saltzman 
Chief of Space Operations 
 
Admiral Linda Fagan 
Commandant of the U.S. Coast Guard 
 
The Honorable Robert Storch  
Inspector General 
Department of Defense  
 
The Honorable Joseph Cuffari 
Inspector General 
Department of Homeland Security 

 



 
 
 
 
 
 

Enclosure 
 

 
 





Enclosure 

 

1. Please explain DoD accounted for individuals who had prior COVID-19 infection and 

received COVID-19 vaccination when determining that for certain conditions, “new case 

rate[s] [were] higher among Service members with a prior SARS-CoV-2 infection compared 

to those with a prior COVID-19 vaccination.  This suggests that it was more likely to be 

SARS-COV-2 infection and not COVID-19 vaccination that was cause of these increased 

cases in 2021.”  

 

Response:  Yes, the Department of Defense (DoD) accounted for individuals who had prior 

coronavirus disease 2019 (COVID-19) infection and received COVID-19 vaccination.  Those 

in the prior COVID-19 vaccination group included those with a COVID-19 vaccination with 

or without documented COVID-19 infection.  Those in the prior COVID-19 infection group 

included those with a COVID-19 infection with or without documented COVID-19 

vaccination.  

 

2. Have any Service members experienced adverse medical conditions associated with the 

COVID-19 vaccines?  If so, how many and what are those conditions?  How did DoD make 

this determination?  Has DoD conducted any independent investigation into whether adverse 

medical conditions are associated with the COVID-19 vaccines?  If so, what has DoD found?  

If not, why not?   

 

Response:  As expected after administration of any medication or immunization to large 

numbers of people, adverse events have been reported after COVID-19 vaccination.  DoD 

routinely partners with the Centers for Disease Control and Prevention (CDC) to review all 

reported adverse events following immunizations.   

 

DoD identified an increased incidence of very rare conditions – myo/pericarditis – during 

COVID-19 vaccine introduction in 2021.  DoD professionals promptly shared this 

observation with CDC and other Federal partners, who later validated that these rare adverse 

events were also observed in the general U.S. population and the global population.  DoD’s 

initial investigation of myo/pericarditis is detailed in reference (a).  DoD’s subsequent 

experience with rare myo/pericarditis following COVID-19 vaccination remained consistent 

with the global experience, as detailed in references (b) and (c).   

 

It is difficult to report precise numbers of adverse events following immunization since 

establishing a causal relationship between vaccination and a clinical diagnosis can be 

challenging.  Nonetheless, the military has identified 80-90 cases of myo/pericarditis in 

Service members following administration of more than 4 million COVID-19 vaccine doses 

in this population. 

 

Similar to the U.S. and global experience, DoD also noted mild transient adverse events, such 

as soreness at the injection site, following COVID-19 vaccination.  DoD did not receive 

higher-than-expected numbers of reports of other serious adverse events, beyond 

myo/pericarditis, following COVID-19 vaccination. 

 

The attachment, “Department of Defense Report on Cardiac and Kidney Issues in Service 

Members Prior to and Following the COVID Vaccine Requirement,” demonstrates the 



 

2 

detailed analyses of a number of serious medical conditions that were reviewed in 

relationship to COVID-19 vaccination.  This report validates the higher-than-expected rate of 

myo/pericarditis following COVID-19 vaccination.  These analyses did not find higher-than-

expected rates of other cardiac or kidney-related diagnoses after vaccination.  Importantly, 

these analyses found rates of all examined diagnoses after SARS-CoV-2 infection to be 

significantly higher than rates after vaccination, consistent with the U.S. and global 

experience. 

 

References: 

(a) Montgomery J, Ryan M, Engler R, et al. Myocarditis Following Immunization With mRNA 

COVID-19 Vaccines in Members of the US Military. JAMA Cardiol. 2021;6(10):1202-

1206. doi:10.1001/jamacardio.2021.2833. 

(b) Ryan M, Montgomery J. Myopericarditis after COVID-19 vaccination: unexpected but not 

unprecedented. Lancet Respir Med. 2022;10(7):624-625. doi:10.1016/S2213-

2600(22)00091-1. 

(c) Fairweather D, Beetler DJ, Di Florio DN, Musigk N, Heidecker B, Cooper LT Jr. COVID-

19, Myocarditis and Pericarditis. Circ Res. 2023;132(10):1302-1319. 

doi:10.1161/CIRCRESAHA.123.321878. 
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PURPOSE 

 

This report is in response to House Report 117–397, page 186, accompanying H.R. 7900, the 

National Defense Authorization Act for Fiscal Year 2023, “Department of Defense Report on 

Cardiac and Kidney Issues in Service Members Prior to and Following the COVID Vaccine 

Requirement,” which requests an analysis of prevalence and incidence of kidney and cardiac 

complications in Service members in 2019 compared to the same measures in 2021 and 2022.  

The report analyzes annual incidence of select kidney and cardiac conditions identified as rare 

adverse outcomes following identified coronavirus disease 2019 (COVID-19) vaccination among 

Service members in the Active Component between Calendar Years (CY) 2019 and 2022.  

Incidence rates for each adverse outcome (myocarditis, pericarditis, acute myocardial infarction 

(AMI), chronic kidney disease (CKD), and acute kidney injury (AKI)) were stratified by receipt 

of COVID-19 vaccine and history of severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) infection with confounding factors identified and adjusted when possible.  As a 

secondary analysis, the overall annual prevalence of each outcome was described and discussed. 

 

INTRODUCTION 

 

On December 11, 2020, the Food and Drug Administration (FDA) issued an emergency use 

authorization (EUA) for the Pfizer-BioNTech BNT162b2 vaccine.  Immediately thereafter, on 

December 14, 2020, the Department of Defense (DoD) mobilized to begin voluntarily 

administering the first doses of Pfizer-BioNTech BNT162b2 vaccine to military communities 

with priority given to frontline health care workers at highest risk of exposure to SARS-CoV-2 

infection.  Two dose Moderna mRNA-1273 and single dose Johnson & Johnson JNJ-78436735 

vaccines were added to the approved distribution list as they received subsequent EUAs from 

FDA.  A year later in December 2021, over 6.4 million doses of vaccine had been distributed. 

The Pfizer-BioNTech and Moderna vaccines would both go on to receive full FDA approval in 

August 2021 and January 2022, respectively. 

 

Eight months after DoD vaccination distribution began, on August 24, 2021, the Secretary of 

Defense released a memorandum requiring that all members of the Armed Forces under DoD 

authority on active duty or in the Ready Reserve (including National Guard) receive a COVID-19 

vaccination as part of their readiness requirements.  Mandatory vaccinations are familiar to all 

Service members, with as many as 17 different vaccines required for military personnel in the 

“Joint Instruction on Immunizations and Chemoprophylaxis” as necessary to mitigate risk for 

various infections.  Some vaccines are only required to be administered in certain special, risk-

based geographical and occupational circumstances of the individual Service member.  Other 

vaccinations, like the annual influenza vaccine, are required for all Service members regardless 

of the circumstances, unless the Service member is covered by an administrative (including 

religious) or medical exemption.  All vaccination requirements, including COVID-19 when it 

was in effect, are in place to keep the Armed Force as a whole healthy and medically ready. 
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BACKGROUND 

 

COVID-19 Vaccination Associated Cardiac Adverse Events 

 

Severe adverse events following COVID-19 vaccinations remain rare and studies continue to 

support that the benefit of vaccination outweigh the risk.1  Although extremely rare, myocarditis 

and pericarditis are reported following COVID-19 vaccination particularly in adolescents and 

young males.2  Myocarditis is the inflammation of cardiac muscle predominantly caused by 

viruses including SARS-CoV-2 and other infections (e.g., influenza, hepatitis B, 

staphylococcus), toxins (e.g., alcohol, heavy metals, chemotherapy), and systemic immune-

related diseases (e.g., sarcoidosis, celiac disease).  Vaccinations such as smallpox vaccine has 

been causally linked to hypersensitivity myocarditis with numerous studies reporting that more 

than expected incidence of myocarditis and pericarditis have been found associated with 

COVID-19 mRNA vaccines (Pfizer-BioNTech BNT162b2 and Moderna mRNA-1273).3,4   

 

The classic clinical presentation of COVID-19 vaccine-related myocarditis is acute chest pain 

with an average time of onset of 3 days (range 1-28 days) after vaccination.  Pericarditis, an 

inflammation of the pericardial sac that lines the outside of the heart, occurs most often in 

conjunction with myocarditis, but when observed in isolation, the onset of chest pain may be 

somewhat later, with an average of 5 days (range 1-28 days) after vaccination.4,5  The incidence 

of myocarditis as an adverse event following COVID-19 vaccination is highly dependent on the 

sex and age of the patient, as well as the vaccine dose and type.  As a vaccine-related safety 

signal, myocarditis has been most firmly established in younger (ages 18-29 years) male patients 

after receiving their second dose of mRNA (Pfizer-BioNTech BNT162b2 and Moderna mRNA-

1273) vaccine.  A safety signal for myocarditis has not been clearly established after non-mRNA 

vaccines (e.g., Johnson & Johnson JNJ-78436735), after first dose of vaccine, or in patients over 

age 40 years.6  Most of the clinical presentations have been mild for this very rare complication 

which continues to support the broader Centers for Disease Control (CDC) finding that the 

benefit of vaccination outweighs the risk.7   

  

Myocarditis Incidence in the Vaccine Adverse Event Reporting System (VAERS) and the 

Military Health System (MHS) 

 

Both the CDC and the FDA monitor for COVID-19 vaccination adverse events using a voluntary 

reporting system called VAERS.  Anyone, including patients, can report any safety concerns 

related to vaccines in VAERS.  A review of the VAERS safety data between December 2020 and 

August 2021 found a small but increased risk for myocarditis after receipt of mRNA COVID-19 

vaccines.  In the VAERS data review of myocarditis cases, 87 percent of those hospitalized had 

initial symptoms resolved by the discharge date and no cases of severe manifestation required 

transplant or ventricular assist device.3  

  

Myocarditis occurring after administration of COVID-19 mRNA vaccines (Pfizer-BioNTech 

BNT162b2 and Moderna mRNA-1273) was first noted by the U.S. military in early 2021 

reporting on a case series of 23 male military members who were diagnosed with myocarditis 

within 4 days of receipt of COVID-19 vaccine.8  The MHS-specific case series observed a 

median age of 25 with all military members who were previously healthy with no prior history of 
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cardiac disease.  Most cases were related to second dose of mRNA vaccine, presenting within 50 

hours of receiving the vaccine with no concurrent SARS-CoV-2 infection.  All patients have 

either recovered and or were recovering at the time results were published.   

 

Incidence of Cardiovascular Complications – Comparison between SARS-CoV-2 Infection 

and COVID-19 Vaccination 

 

COVID-19 vaccination is associated with reduced risk for cardiovascular complications such as 

AMI after SARS-CoV-2 infection compared to those who have never been vaccinated.9  CDC 

continues to recommend COVID-19 vaccination given that many more adverse outcomes related 

to SARS-CoV-2 infection, including death, can be avoided even among the groups at highest risk 

for myocarditis as an adverse event from immunization.  In the highest risk group of males ages 

18-29, 300 hospitalizations, 60 ICU admissions and 3 deaths due to SARS-CoV-2 infection 

related complications would be prevented if vaccination had been provided compared to instead 

preventing 22-27 COVID-19 vaccination associated myocarditis incidents should vaccination 

had not occured.6  

 

Furthermore, data from 40 health care systems reviewing over 14 million cases from  

January 1, 2021 to January 31, 2022, continue to support the benefit of COVID-19 vaccination 

with a significantly higher cardiac complication incidence associated with SARS-CoV-2 

infection than after mRNA COVID-19 vaccination for both males and females in all age groups.  

Analysis also confirmed the higher incidence of myocarditis or pericarditis after mRNA COVID-

19 vaccination in males, with incidence of 0-35.9 per 100,000 in males compared to 0-10.9 for 

females across age groups.  The 12-17 age group had the highest incidence of mRNA COVID-19 

vaccine associated cardiac complication, with a 1.8-5.6 times higher risk for cardiac 

complications after SARS-CoV-2 infection than after vaccination.10   

 

Kidney Complications with COVID-19 Vaccination 

 

Serious adverse kidney events following COVID-19 vaccine are extremely rare and vaccinations 

continue to provide protective benefits that far outweigh the known associated kidney 

complications related to SARS-CoV-2 infection.  Rare cases of new onset kidney disease have 

been reported in literature since 2020 with early complication rates reported at 0.46 percent of all 

adverse events in VAERS in January 2021 and most recent analysis showing kidney 

complication reported at incidence of 0.006 percent based on review of VAERS data.11,12  

 

The majority of reported kidney disease developed de novo which would be captured under the 

major category of AKI, also known as acute kidney failure.  There is no specific clinical 

presentation although edema was reported as the most common symptom in addition to 

hematuria and proteinuria.  Various kidney pathologies have been reported with minimal change 

disease observed as the most common pathology.13,14 Pathogenesis of COVID-19 vaccine 

associated kidney complications is unknown although T-cell mediated immune dysregulation 

causing podocyte damage is one of the proposed theories.13,14   

 

A causal relationship between vaccine and AKI cannot be made given many confounding factors 

such as advanced age, underlying kidney disease, and concurrent infections that independently 
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predispose increased risk for AKI regardless of vaccination administration.  Review of AKI 

cases in the self-reported VAERS from December 2020 to June 2021 showed that the majority of 

AKI cases potentially associated with COVID-19 vaccination was reported among individuals of 

advanced age (ages ranging from 59.75 to 68.41 years).  Additionally, more than half of this 

group also had existing comorbidities such as diabetes, hypertension and heart disease.  The most 

common cause of VAERS reported AKI was volume depletion and sepsis, which again can 

independently cause AKI.  Most cases of AKI developed within 2 weeks of vaccination 

primarily related to mRNA vaccine type.12  Fortunately, in two separate systematic reviews of 

kidney complications post- COVID-19 vaccination, the majority of kidney dysfunction returned 

to baseline within 90 days of vaccination.13,14   

 

AKI is a well-recognized complication that is commonly associated with SARS-CoV-2 infection, 

with a wide range of incidence rate among hospitalized patients with some reports as high as 46 

percent.15,16,17  The most common cause of AKI was acute tubular necrosis associated with multi-

organ failure and shock.  In critically ill adults with SARS-CoV-2 infection, AKI often required 

renal replacement therapy (e.g., dialysis) with mortality up to 58 percent, with more than one-

third having persistent need for renal replacement therapy upon discharge from the hospital.18 

Underlying CKD is also a clearly associated risk factor for severe disease with increased risk for 

mortality associated with SARS-CoV-2 infection.  Mortality is significantly higher in those on 

renal replacement therapy and in kidney transplant recipients.19 

 

METHODS 

 

The primary data source for this analysis is the Defense Medical Surveillance System (DMSS), a 

continuously expanding relational database of personnel demographic and medical data.20  The 

DMSS contains records of ambulatory encounters and hospitalizations of Active Component 

members of the U.S. Armed Forces when reimbursed through TRICARE.  Also included are 

medical encounter data from the Theater Medical Data Store (TMDS), which includes diagnoses 

of deployed Service members.  In addition, the DMSS contains immunization records for Service 

members from the MHS Information Platform.  Due to a gap in immunization records for Air 

Force members identified at the time of the analysis, immunization data for Air Force members 

who were missing immunization records in the DMSS were extracted from the Aeromedical 

Services Information Management System.  

 

The Armed Forces Health Surveillance Division maintains a list of COVID-19 infections among 

Service members which is updated daily.  The list is comprised of reverse transcription-

polymerase chain reaction and antigen test laboratory confirmed SARS-CoV-2 infections, as 

well as medical event reports of SARS-CoV-2 infection from Disease Reporting System Internet.  

For the purpose of this analysis, SARS-CoV-2 infections were also identified from the DMSS 

medical encounter data using the ICD-10 code U07.1.  A 90-day incidence rule was applied, 

such that an individual could qualify as having a repeat SARS-CoV-2 infection if at least 90 days 

had passed since the last diagnosis or positive laboratory test.21  

 

To measure obesity status, height and weight data collected from routine medical appointments 

were extracted from the MHS Data Repository and MHS GENESIS Vitals table in the Medical 

Data Repository, as well as height and weight information recorded in the electronic annual 
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Periodic Health Assessment data in DMSS.  Individuals were categorized as obese during a 

given CY if they had a record Body Mass Index (BMI) greater than or equal to 30 where the 

height and weight measurement were taken that year.22  If they only had records indicating a 

BMI less than 30 then they were classified as not obese for that year.  If they had no height and 

weight records, then they were classified as having an unknown weight status for that year.  

Height and weight measurements were excluded if they occurred within 280 days of a female 

Service member’s medical encounter that included a diagnosis for pregnancy, childbirth, and the 

puerperium (ICD-10 codes beginning with “O”).  

 

This study assessed three cardiac conditions that were most frequently associated with COVID-

19 vaccine complications (myocarditis, pericarditis, and AMI) and two categories of kidney 

conditions that would broadly capture majority of COVID-19 vaccine complications (AKI and 

CKD).  Some case definitions for each condition were referenced from a Department of Veterans 

Affairs study23 comparing safety of two versions of COVID-19 vaccines:  cases of myocarditis, 

pericarditis, AMI, and AKI were defined by having at least two medical encounters (inpatient, 

outpatient, or TMDS) within 60 days of each other with a qualifying diagnosis in any diagnostic 

position.  The incident date was defined as the first qualifying encounter of which there were two 

within 60 days.  Cases of CKD were defined by having at least two medical encounters within 

730 days (2 years) of each other with a qualifying diagnosis in any diagnostic position.  The 

incident date was defined as the date of the first-ever encounter with a diagnosis of CKD.  The 

ICD-9 and ICD-10 codes used to define the cases are included in Appendix A, Tables A1-A5.  

 

For each Service member, the number of days in active military service was ascertained and 

aggregated for each CY between 2019 and 2021.  The resultant annual totals were expressed as 

person-years of service and used as the denominators for the calculation of annual incidence 

rates for each of the five outcomes.  For each outcome, person time was censored at the date of 

the incident diagnosis and prevalent cases (i.e., cases identified prior to the start of the 

surveillance period in 2019) were excluded.  “At risk” periods for each of the outcomes was 

categorized as the 45-day period following SARS-CoV-2 infection, and the 21-day period 

following receipt of any dose of a COVID-19 vaccine (Appendix A, Table A6).  The 45-day 

period following SARS-CoV-2 infection was chosen to represent a general average of variable 

time to symptom resolution that are reported in literature.  For mild acute illness, symptoms may 

resolve in a few days to 2 weeks whereas prolonged recovery time for months has been observed 

in those with severe disease.  To ensure optimal inclusion of the most appropriate clinical cases 

and to avoid potential confounding factors, a 45-day at risk period was chosen.  The 21-day at 

risk period following COVID-19 vaccination was chosen to be aligned with at-risk timelines that 

are most commonly reported in literature, federal vaccine injury compensation programs (using 

0-21 day time window for smallpox vaccine associated myocarditis), and review of data from 

VAERS.  Person time periods considered to be not at risk for the outcome due to either SARS-

CoV-2 infection or vaccination with a COVID-19 vaccine were divided into two categories:  

infection or vaccination occurred greater than 45 days or 21 days ago, respectively, or no 

previous infection or vaccination.  However, for CKD, the “at risk” period following SARS-

CoV-2 infection and COVID-19 vaccination was categorized as 180 days instead of 45 days to 

ensure inclusion of all potential CKD cases.  Although CKD is defined as having a decrement in 

kidney function that lasts for at minimum 3 months (based on references from the Kidney 

Disease Improving Global Outcomes and Kidney Disease Outcomes Quality Initiative), the at-
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risk period for CKD was extended to 180 days to allow adequate time for follow up with a 

provider and to mitigate risk for exclusion of potential cases. Incidence rates were calculated per 

100,000 person-years of Active Component service.  

 

A multivariable Poisson regression model was used to calculate the adjusted incidence rate ratios 

for each of the five outcomes for CY 2021 by “at risk” status.  Similar to the crude (i.e., 

unadjusted) analysis, the “at risk” periods were defined as the 45-day period following SARS-

CoV-2 infection and the 21-day period following receipt of a COVID-19 vaccine dose which 

aligns with most published literature (except for CKD which used a 180-day period following 

SARS-CoV-2 infection and vaccination).  These models adjusted for age, sex, race and ethnicity, 

obesity status, and either SARS-CoV-2 infection within the past 45 days (180 days for CKD) or 

COVID-19 vaccine dose received within the past 21 days (180 days for CKD).  Adjusted 

incidence rates were calculated per 100,000 person-years of Active Component service.  Due to 

the small number of Service members vaccinated against COVID-19 prior to 2021, these 

adjusted incidence rates could only be calculated in 2021.  

  

Finally, overall crude annual prevalence was calculated for each of the five conditions.  An 

individual was counted as a prevalent case if they had been previously identified as an incident 

case for that condition and had a medical encounter for that condition during the year of interest.  

The denominator was calculated using the number of Active Component Service members who 

were in service during June of that CY.  Prevalence rates were calculated as the number of 

prevalent cases per 100,000 Service members. 

 

RESULTS 

 

General Explanation of Prevalence, Incidence, and Rate Ratio 

 

Crude annual prevalence (the unadjusted rate of new and existing cases) rates were calculated for 

each condition of interest at the overall population level among Active Component members.  It 

is typically best practice to use a mid-year (June) population count as denominator for this type 

of rate, given this population’s constant fluctuation.  However, numerators for this type of 

measure need to be able to count cases across the same amount of time for all years in order to be 

comparable.  For this reason, a crude annual prevalence rate for CY 2022 is not able to be 

calculated – its numerator would be inappropriately small leading to an equally inappropriately 

small prevalence rate that is incomparable and otherwise easy to misinterpret.  

 

Incidence rates (the rate of new cases in each CY) calculated for this report, both crude and 

adjusted, utilize a person-time (specifically person-years of military service) type of denominator 

that aims to better handle fluctuations in the amount of time an individual is cared for in the 

MHS and, thus, is not as subject to the drawbacks of the crude annual prevalence rate.  While 

CY 2022 incidence rates are able to be calculated and compared between previous years, it is 

still important to practice caution when interpreting incomplete CY 2022 incidence data.  Lastly, 

incidence rates are also likely the most appropriate measure to examine for this report given its 

focus on examining the likelihood of developing cardiac and kidney adverse events associated 

with SAR-CoV-2 infection or COVID-19 vaccination and not the general burden of these 

conditions on the MHS population. 
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Finally, adjusted incidence rate ratios were calculated for this report.  A rate ratio allows for 

person-time incidence rates of two groups to be compared to each other, differentiated by usually 

a demographic feature or by exposure to a suspected causative agent and statistical significance 

to be tested.  In this case, the rate ratios reported are differentiated by exposure to SARS-CoV-2 

infection and COVID-19 vaccination separately and compared to the “Never” exposure group 

consistently.  Interpretation of a rate ratio is straight-forward:  a rate ratio of 1.0 indicates equal 

rates within the groups compared, a rate ratio greater than 1.0 indicates increased risk, and a rate 

ratio less than 1.0 indicates decreased risk or a protective effect. 

 

Cardiac Outcomes – Overall Prevalence Data 

 

The overall prevalence data captures the general burden of disease and causality to specific 

changes related to SARS-CoV-2 infection or COVID-19 vaccine cannot be made.  As explained 

above, incidence rates are likely the most appropriate measure to examine for this report given its 

focus on examining the likelihood of developing cardiac and kidney adverse events associated 

with SAR-CoV-2 infection or COVID-19 vaccination.  

 

Table 1.  Crude Annual Prevalence Rates of Select Cardiac Conditions within Active 

Component Service Members 
 Calendar Year 

2019 2020 2021 

N Persons Prevalence* N Persons Prevalence* N Persons Prevalence* 

Myocarditis 205 1,313,942 15.6 189 1,320,699 14.3 326 1,339,485 24.3 

Pericarditis 363 1,313,942 27.6 334 1,320,699 25.3 351 1,339,485 26.2 

AMI 283 1,313,942 21.5 314 1,320,699 23.8 353 1,339,485 26.4 

Abbreviations: AMI = acute myocardial infraction; 

*Cases per 100,000 persons 

 

In CY 2019, the crude prevalence (the unadjusted rate of new and existing cases) of myocarditis, 

pericarditis, and AMI was 15.6 cases per 100,000 persons, 27.6 per 100,000 persons, and 21.5 

per 100,000 persons respectively (Table 1).  By CY 2021, crude prevalence rates for myocarditis 

increased more than 50 percent to 24.3 cases per 100,000 persons.  However, rates for 

pericarditis remained mostly unchanged and rates for AMI increased only modestly from 23.8 

per 100,000 persons to 26.4 per 100,000 persons.  Crude prevalence rates for CY 2022 could not 

be reported at this time, as explained above.  

 

Cardiac Outcomes – Overall and Infection/Vaccination Exposure Incidence Data 

 

Overall crude incidence rates (the unadjusted rate of new cases in each CY) for pericarditis and 

AMI remained mostly stable across the observed timespan from CY 2019 to available data in CY 

2022 (Table 2).  Unlike with AMI, rates for pericarditis did slightly decrease between CY 2021 

and the first half of CY 2022.  However, crude incidence rates for myocarditis decreased from 

10.8 per 100,000 person-years (p-yrs) in CY 2019 to 8.7 in CY 2020 and then increased to 17.9 

in CY 2021.  While data for CY 2022 is currently only available between January and June 2022, 

the crude incidence rate for myocarditis during this 6-month period (13.0 cases per 100,000 p-

yrs) is still above what was observed in CY 2019 (Table 2).  These overall crude incidence rates 

include all Active Component members who experienced a new case of myocarditis, pericarditis, 
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or AMI during each year of interest, regardless of if they had a previous SARS-CoV-2 infection 

or received COVID-19 vaccine.  

 

Table 2.  Crude Annual Incidence Rates of Select Cardiac Conditions within Active 

Component Service Members, Overall and Stratified by SARS-CoV-2 Infection and 

COVID-19 Vaccine 
 Calendar Year 

2019 2020 2021 
2022  

(through June) 

N Incidence* N Incidence* N Incidence* N Incidence* 

Myocarditis 142 10.8 116 8.7 239 17.9 84 13.0 

SARS-CoV-2 

Infection 
        

Yes, ≤ 45 days 0 0.0 13 142.8 27 152.1 16 59.1 

No, > 45 days 0 0.0 7 56.5 55 41.9 16 11.6 

Never 142 10.8 96 7.4 157 13.3 52 10.8 

COVID-19 Vaccine         

Yes, ≤ 21 days 0 0.0 0 0.0 63 40.6 3 17.8 

No, > 21 days 0 0.0 0 0.0 92 13.4 76 12.4 

Never 142 10.8 116 8.8 84 17.1 5 33.9 

         

Pericarditis 266 20.3 242 18.3 244 18.3 91 14.1 

SARS-CoV-2 

Infection 
        

Yes, ≤ 45 days 0 0.0 6 66.0 18 101.5 13 48.0 

No, > 45 days 0 0.0 5 40.4 41 31.2 27 19.5 

Never 266 20.3 231 17.7 185 15.6 51 10.6 

COVID-19 Vaccine         

Yes, ≤ 21 days 0 0.0 1 133.9 48 30.9 5 29.7 

No, > 21 days 0 0.0 0 0.0 115 16.8 82 13.3 

Never 266 20.3 241 18.2 81 16.5 4 27.1 

         

AMI 198 15.1 229 17.3 244 18.3 117 18.1 

SARS-CoV-2 

Infection 
        

Yes, ≤ 45 days 0 0.0 9 98.9 8 45.1 16 59.1 

No, > 45 days 0 0.0 2 16.1 20 15.2 23 16.6 

Never 198 15.1 218 16.7 216 18.2 78 16.2 

COVID-19 Vaccine         

Yes, ≤ 21 days 0 0.0 0 0.0 35 22.6 0 0.0 

No, > 21 days 0 0.0 0 0.0 120 17.5 115 18.7 

Never 198 15.1 229 17.3 89 18.1 2 13.6 

Abbreviations: AMI = acute myocardial infarction; 

*Cases per 100,000 person-years of Active Component service 

 

The overall crude incidence rates reported above were then stratified by cases that occurred 

within 45 days after SARS-CoV-2 (180 days for CKD) infection and cases that occurred within 

21 days after COVID-19 vaccination (180 days for CKD).  Given that the first laboratory 

confirmed case of SARS-CoV-2 in the United States occurred in January 2020 and DoD did not 

begin administering vaccine until December 2020, there are no cases of myocarditis, pericarditis, 

or AMI with previous infection or vaccine in CY 2019.  In CY 2020, there were overall low 

number of cases related to either SARS-CoV-2 infection or COVID-19 vaccine.  Specifically, in 
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CY 2020, there were 13, 6, and 9 cases of myocarditis, pericarditis, and AMI, respectively, 

which occurred within 45 days after SARS-CoV-2 infection, and only a single case of 

pericarditis within 21 days of receiving COVID-19 vaccine (Table 2). 

 

In CY 2021, the crude incidence of myocarditis was 11 times higher in those with a past 45-day 

SARS-CoV-2 infection (152.1 per 100,000 p-yrs) compared to those with no prior SARS-CoV-2 

infection (13.3 per 100,000 p-yrs) (Table 2).  In contrast, the crude incidence of myocarditis was 

2.4 times higher among those who received a vaccine dose within 21 days prior (40.6 per 

100,000 p-yrs) compared to those who did not receive any prior dose of vaccine (17.1 per 

100,000 p-yrs).  The crude incidence of pericarditis was 6 times higher in those with a previous 

infection (101.5 per 100,00 p-yrs) compared to those without, and 1.9 times higher in those with 

a previous vaccination (30.9 per 100,000 p-yrs) compared to those without.  Finally, incidence of 

AMI was 2.5 times higher in those with a recent infection and 1.2 times higher in those with a 

recent vaccination.  For the most part, these trends continue in the 6 months available for CY 

2022 at lesser magnitudes. 

 

Cardiac outcome results showed similar patterns after adjusting for age, sex, race/ethnicity, 

obesity status, and either prior infection or prior vaccination (Table 3).  In CY21, those with a 

recent SARS-CoV-2 infection had a rate ratio that showed incidence of myocarditis and 

pericarditis was 10.4 and 6.1 (respectively) times higher in this group compared to the incidence 

rates of those who were never infected.  Those who were recently vaccinated had a rate ratio that 

showed their incidences of myocarditis and pericarditis were 2.6 and 2.0 times higher compared 

to those who were never vaccinated.  These findings were statistically significant (p<0.001). In 

addition, those with a recent infection had a rate ratio that showed incidence for AMI was 2.4 

times higher in this group compared to those who were never infected.  Unlike with myocarditis 

and pericarditis rate ratios showing increased risk associated with vaccination, those who were 

recently vaccinated did not have increased incidence of AMI compared to those who were not 

vaccinated.  The rate ratio for AMI comparing those who were vaccinated to those who were 

never vaccinated was at 1.1, effectively implying there was no difference between vaccination 

groups, although the association is not statistically significant. 
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Table 3:  Adjusted Incidence Rates and Rate Ratios of Selected Cardiac Conditions 

Stratified by SARS-CoV-2 Infection and COVID-19 Vaccine, 2021 
 Incidence* Rate Ratio 

 SARS-CoV-2 

Infection 

COVID-19 

Vaccine 

SARS-CoV-2 

Infection 

COVID-19 

Vaccine 

Myocarditis     

Yes 98.2 57.2 10.4** 2.6** 

No 27.8 20.3 2.9** 0.9 

Never 9.5 22.2 Ref Ref 

     

Pericarditis     

Yes 55.5 30.8 6.1** 2.0** 

No 16.3 17.5 1.8** 1.1 

Never 9.1 15.3 Ref Ref 

     

AMI     

Yes 27.1 16.3 2.4** 1.1 

No 9.9 12.1 0.9 0.8 

Never 11.2 15.2 Ref Ref 

Abbreviations: AMI = acute myocardial infarction; 

*Cases per 100,000 person-years in Active Component service, adjusted for age, sex, race and 

ethnicity, obesity status, and either COVID-19 infection within the past 45 days (180 days for 

CKD) or COVID-19 vaccine dose received within the past 21 days 

**Statistically significant, p-value at least <0.05 

 

Kidney Outcomes – Overall Prevalence Data 

 

In CY 2019, the crude prevalence rates for AKI and CKD were 110.3 cases per 100,000 persons 

and 121.3 per 100,000 persons, respectively (Table 4).  Both conditions had similar prevalence 

rates in both CY 2020 and CY 2021.  Prevalence data for CY 2022 could not be reported as 

explained above. 

 

Table 4.  Crude Annual Prevalence Rates of Select Kidney Conditions within Active 

Component Service Members 
 Calendar Year 

2019 2020 2021 

N Persons Prevalence* N Persons Prevalence* N Persons Prevalence* 

AKI 1,449 1,313,942 110.3 1,433 1,320,699 108.5 1,533 1,339,485 114.5 

CKD 1,594 1,313,942 121.3 1,547 1,320,699 117.1 1,607 1,339,485 120.0 

Abbreviations: AKI = acute kidney injury; CKD = chronic kidney disease 

*Cases per 100,000 persons 

 

Kidney Outcomes – Overall and Infection/Vaccination Exposure Incidence Data 

 

Crude annual incidence rates for AKI and CKD showed the same pattern – a slight decrease 

during CY 2020 followed by a return to roughly the same rate in CY 2021 as in CY 2019 (Table 

5).  While data for CY 2022 is only partially available at this time, the crude incidence rates for 

both conditions appear to be on track to end up similar to CY 2019 and CY 2021. 
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Table 5.  Crude Annual Incidence Rates of Select Kidney Conditions within Active 

Component Service Members, Overall and Stratified by SARS-CoV-2 Infection and 

COVID-19 Vaccine 
 Calendar Year 

2019 2020 2021 
2022  

(through June) 

N Incidence* N Incidence* N Incidence* N Incidence* 

AKI 1340 102.3 1307 98.9 1406 105.8 625 97.0 

SARS-CoV-2 

Infection 
        

Yes, ≤ 45 days 0 0.0 74 816.2 136 769.8 55 203.8 

No, > 45 days 0 0.0 17 137.8 164 125.4 143 103.8 

Never 1340 102.3 1216 93.5 1106 93.7 427 89.0 

COVID-19 Vaccine         

Yes, ≤ 21 days 0 0.0 1 134.3 138 89.2 13 77.5 

No, > 21 days 0 0.0 0 0.0 663 96.9 588 95.9 

Never 1340 102.3 1306 98.8 605 123.5 24 163.2 

         

CKD 724 55.2 648 48.9 680 51.1 230 35.6 

SARS-CoV-2 

Infection 
0 0.0 18.0 88.2 64 88.6 42 44.4 

Yes, ≤ 180 days 0 0.0 1.0 95.1 36 47.0 26 36.8 

No, > 180 days 724 55.2 629.0 48.3 580 49.1 162 33.7 

Never 0 0.0 18.0 88.2 64 88.6 42 44.4 

COVID-19 Vaccine         

Yes, ≤ 180 days 0 0.0 1 134.1 339 51.4 85 36.2 

No, > 180 days 0 0.0 0 0.0 85 46.4 137 34.2 

Never 724 55.2 647 48.9 256 52.4 8 56.8 

Abbreviations: AKI = acute kidney injury; CKD = chronic kidney disease 

*Cases per 100,000 person-years of active component service 

 

Once crude incidence rates were stratified by SARS-CoV-2 infection and COVID-19 

vaccination, similar low case counts occur in these categories during CY 2020 for kidney 

conditions as they do for cardiac conditions with the exception of AKI.  There was a total of 74 

cases of AKI with prior SARS-CoV-2 infection within 45 days, which correlates with initial 

published reports of AKI complicating SARS-CoV-2 infection in as much as about 46 percent of 

all cases.15  In CY 2021, the crude incidence of AKI was 8.2 times higher in those with a past 45-

day SARS-CoV-2 infection (769.8 per 100,000 p-yrs) compared to those with no prior SARS-

CoV-2 infection (93.7 per 100,000 p-yrs) (Table 5).  In contrast, the crude incidence of AKI was 

reduced 28 percent among those who received a vaccine dose within 21 days prior (89.2 per 

100,000 p-yrs) compared to those who did not receive any prior dose of vaccine (123.5 per 

100,000 p-yrs).  The crude incidence of CKD in CY 2021 was 1.8 times higher in those with an 

infection in the past 180 days compared to those never infected.  Crude incidence rates of CKD 

between those with previous COVID-19 vaccination in the past 180 days (51.4 per 100,000 p-

yrs) was similar to those who never had the vaccine (52.4 per 100,000 p-yrs).  

 

Kidney outcomes again showed similar patterns after adjusting for age, sex, race/ethnicity, 

obesity status, and either prior infection or vaccination (Table 6).  Those with a recent SARS-

CoV-2 infection had a rate ratio that showed AKI incidence was 7.6 times higher among this 

group compared to those who were never infected.  Similar for CKD, those with a recent SARS-
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CoV-2 infection had a rate ratio that showed their CKD incidence was 1.8 times higher 

compared to those who were never infected.  Those who were recently vaccinated had a rate 

ratio that showed they had a 20 percent reduced incidence of AKI and 20 percent reduced 

incidence of CKD compared to those who were never vaccinated.  

 

Table 6:  Adjusted Incidence Rates and Rate Ratios of Selected Kidney Conditions 

Stratified by SARS-CoV-2 Infection and COVID-19 Vaccine, 2021 
 Incidence* Rate Ratio 

 SARS-CoV-2 

Infection 

COVID-19 

Vaccine 

SARS-CoV-2 

Infection 

COVID-19 

Vaccine 

AKI     

Yes 537.8 132.8 7.6** 0.8** 

No 92.5 150.4 1.3** 0.9** 

Never 71.0 176.8 Ref Ref 

     

CKD     

Yes 64.4 44.2 1.8** 0.8** 

No 36.8 34.8 1.1 0.6** 

Never 35.0 54.0 Ref Ref 

Abbreviations: AKI = acute kidney injury; CKD = chronic kidney disease 

*Cases per 100,000 person-years in Active Component service, adjusted for age, sex, race and 

ethnicity, obesity status, and either COVID-19 infection within the past 45 days (180 days for 

CKD) or COVID-19 vaccine dose received within the past 21 days 

**Statistically significant, p-value at least <0.05 

 

DISCUSSION 

 

In response to the public health emergency of pandemic level spread of SARS-CoV-2 virus, 

DoD began administering COVID-19 vaccines in December 2020 with the full 2-dose 

vaccination against COVID-19 being required for all Active Component (and Ready Reserve) 

Service members starting in August 2021.  Almost 1.5 million Active Component members have 

received at least one dose of the COVID-19 vaccine and the report findings suggest overall 

stable incidence and prevalence rates of most cardiac and kidney conditions from 2019 to 2022.  

Similar to numerous studies reporting an increase in myocarditis incidence as a rare complication 

of mRNA COVID-19 vaccination, MHS data review from January 2019 to June 2022 showed an 

overall small increase in myocarditis incidence and prevalence among Active Component 

Service members.3-10  

 

The overall small increase in myocarditis incidence, which was most profound in 2021, is 

potentially related to the general increased incidence of SARS-CoV-2 infection that was 

observed nationwide and also within DoD during the surge from the Delta variant spread in 

summer 2021.  After adjusting for confounding factors, there was a 10.4 times increased risk for 

myocarditis associated with recent SARS-CoV-2 infection compared to 2.6 times increased risk 

for myocarditis associated with COVID-19 vaccine.  MHS data align with published studies 

acknowledging a small increase in myocarditis incidence potentially related to COVID-19 

vaccine but with far worse outcomes that was potentially avoided with SARS-CoV-2 

infection.9,10    
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The only other clinical outcome with a trend toward increased overall prevalence, although 

slight, was in AMI.  To reiterate, prevalence data captures the general burden of disease and 

incidence rates are most appropriate to examine for this report for potential causality to changes 

related to SARS-CoV-2 infection or COVID-19 vaccination.  Specifically, the crude prevalence 

rates for AMI modestly increased across the 2019-2021 time period.  Conversely, the crude 

incidence rate for AMI started low at 15.1 cases per 100,000 p-yrs in 2019 before increasing to 

17.3 in 2020 and remaining relatively stable at this increased level for 2021 and through June 

2022.  Both prior SARS-CoV-2 infection and receipt of COVID-19 vaccine resulted in higher 

crude incidence rates of AMI compared to never being infected or never receiving the vaccine. 

However, SARS-CoV-2 infection associated AMI crude incidence rates were markedly higher 

than vaccine-associated AMI crude incidence rates.  Similarly, after adjusting for confounding 

factors, there was 2.4 times increased risk for AMI associated with recent SARS-CoV-2 

infection compared to 1.1 times increased risk for AMI associated with COVID-19 vaccination. 

The higher and statistically significant rate ratio of 2.4 suggests that having previous SARS-

CoV-2 infection had a more significant impact on AMI incidence rate than COVID-19 vaccine, 

the rate ratio of which was not statistically significant and nearly 1.0 (implying almost no 

difference in incidence rates between those who received COVID-19 vaccine and those who 

never received COVID-19 vaccine).  At the very least, this could be a weak signal inferring that 

SARS-CoV-2 infection did indeed drive the moderate increase in observed AMI prevalence, but 

a more detailed analysis is likely needed to confirm.  

 

The incidence and prevalence of pericarditis and both kidney outcomes (AKI and CKD) 

evaluated in this report remained similar or at least mostly similar in 2021 compared to previous 

years.  The association between CKD and COVID-19 vaccine is difficult to make given multiple 

confounding factors and the prolonged timeline associated with CKD development.  However, 

crude incidence rates between those with previous COVID-19 vaccination (51.4 per 100,000 p-

yrs) were similar to those who never had the vaccine (52.4 per 100,000 p-yrs).  Overall, our data 

suggests that there was a trend showing no differences in CKD incidence.  

 

Although the incidence and prevalence of pericarditis remained stable from 2019 to 2021 with a 

trend toward decrease in 2022, the adjusted rate ratio of 2.0 showed a potential increase in the 

risk for pericarditis associated with COVID-19 vaccine.  However, similar to the myocarditis 

findings, there was a significantly 6.1 times higher increased risk for pericarditis associated with 

SARS-CoV-2 infection compared to 2.0 times increased risk for pericarditis associated with the 

vaccine.  To date and based on published clinical case reports and case series, it remains difficult 

to separate pericarditis from myocarditis (possible myocarditis cases) because features of 

myocarditis and pericarditis may overlap and commonly present as myopericarditis.4,7  While 

diagnostic criteria exist for the diagnosis of pericarditis, without further review of the individual 

cases to confirm the clinical evaluation and diagnosis of pericarditis, it is difficult to accurately 

estimate the prevalence and incidence of infection or vaccine associated pericarditis as this 

condition may present across a spectrum of severity and symptoms that can overlap with 

myocarditis. 

 

Similar to data reported in literature, the incidence of all cardiac and kidney conditions evaluated 

in this report were higher in those with a recent SARS-CoV-2 infection compared to without 

infection (rate ratios ranging from 1.8-10.4, all statistically significant).9-10  While there was also 
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increased incidence for myocarditis and pericarditis in the 21 days following COVID-19 

vaccination compared to those without vaccination (rate ratios of 2.6 and 2.0 respectively, both 

statistically significant), this increase was much lesser in magnitude compared to those observed 

following infection with SARS-CoV-2.  Furthermore, there was no observed increase in risk for 

AMI, AKI, or CKD incidence following COVID-19 vaccination.  In fact, rate ratios for these 

conditions implied either no difference in incidence rates following vaccine (AMI, though not 

statistically significant) or a reduced effect in incidence rates following vaccine (AKI and CKD, 

both statistically significant).  These observations are consistent with what is reported in 

literature for the selected cardiac and kidney conditions. 

 

Global studies have shown that COVID-19 vaccines are effective in protecting against SARS-

CoV-2 infections and complications of infection.  While vaccine effectiveness against mild 

infection is dependent on viral variants,24,25 effectiveness calculations against severe disease, 

hospitalization, and death have been consistently estimated as high as 80-90 percent.26,27  

Vaccine effectiveness has been established in vulnerable populations as well as the relatively 

healthy military population.28   The COVID-19 vaccination program in the United States has 

been estimated as preventing nearly 120 million infections, 18.5 million hospitalizations, and 3.2 

million deaths.29  Prevention of SARS-CoV-2 infections and complications has also been 

translated into substantial economic value.29,30  Expanded understanding of post-acute sequelae 

of SARS-CoV-2 infection, or long-COVID, and recent research demonstrating effectiveness of 

vaccination in preventing long-COVID,31 will make future calculations of vaccine value even 

higher than previous robust estimates.  Although all vaccinations carry some risk of rare adverse 

events, the benefit of COVID-19 vaccination during the current pandemic has been strongly 

established by all international public health authorities.32   

 

The findings in this report are subject to at least three limitations.  First, this is a population-level 

evaluation of administrative data records within the MHS.  Time period risk windows were used 

to associate outcomes with COVID-19 infection or vaccination.  However, this does not 

necessarily mean that a case occurring during the risk window was caused by COVID-19 

infection or vaccination.  Detailed chart review confirmation would be needed to determine 

causality of the cardiac and kidney conditions included in this study.  The use of administrative 

data for outcome definition may also result in misclassification of diagnoses due to miscoding in 

patient records.  Furthermore, only individuals who show up for healthcare services billable to 

military insurance are able to be included for evaluation.  While this report did focus on Active 

Component members, a subgroup of the MHS population that receives the majority of its health 

care covered by military insurance, it is still possible that cases of SARS-CoV-2 infection, 

myocarditis, pericarditis, AMI, AKI, and CKD were missed due to the nature of the data source.  

Second, this report only evaluates vaccinations administered while an Active Component 

member is in Military Service and may have missed vaccinations completed prior to the first date 

in military.  Third, while the report did observe an increased risk for certain cardiac conditions 

after SARS-CoV-2 infection and COVID-19 vaccination, these associations are far from causal 

and too many factors are unable to be controlled for.  Rather, the report serves as soft 

confirmation of trends also observed in the general population: while the COVID-19 vaccine 

does carry increased risk for certain cardiac conditions, the risk for those same conditions is 

higher still following SAR-CoV-2 infection, albeit overall a rare event in both cases. 
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There are no long-term outcome data available for the increased myocarditis incidence 

associated with both COVID-19 vaccine and SARS-CoV-2 infection globally and also within 

MHS.  Active and continued long-term surveillance of potential incident cases with diagnosis 

confirmation through detailed case reviews may be pursued to assist in mitigating potential risk 

factors associated with increased myocarditis risk for Service members. 

 

CONCLUSION 

 

Review of MHS data spanning January 2019 to June 2022 demonstrates that both the prevalence 

and incidence of myocarditis has increased among Active Component members of the Armed 

Forces.  All other cardiac and kidney outcomes remained mostly stable through the time period. 

Recent receipt of COVID-19 vaccine was shown to carry increased risk for development of both 

myocarditis and pericarditis, but without increased risk for AMI and with a slightly reduced risk 

for AKI and CKD.  However, recent SARS-CoV-2 infection was associated with a significantly 

higher magnitude of increased risk for all observed cardiac and kidney conditions when 

compared to vaccine administration.  While all vaccinations including COVID-19 carry some 

amount of risk for rare adverse events, the MHS data shows that risks for cardiac and kidney 

complications are higher after SARS-CoV-2 infection than they are after COVID-19 vaccine, 

supporting similar conclusions drawn by previous published studies.   
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APPENDIX A:  ICD-9, ICD-10, and CVX Codes for Case Definitions of Cardiac, Kidney, 

and COVID-19 Vaccination 

 

Table A1.  ICD codes for Myocarditis 
ICD-10 ICD-10 Description ICD-9 ICD-9 Description 

I51.4 Myocarditis, unspecified 429.0 Myocarditis, unspecified 

I40.9 Acute myocarditis, unspecified 422.90 Acute myocarditis, unspecified 

I40.8 Other acute myocarditis 422.93, 

422.99 

Toxic myocarditis, Other acute 

myocarditis 

I40.1 Isolated myocarditis 422.91 Idiopathic myocarditis 

I40.0 Infective myocarditis 422.92 Septic myocarditis 

I41 Myocarditis in diseases classified 

elsewhere 

422.0 Acute myocarditis in diseases classified 

elsewhere 

I01.2 Acute rheumatic myocarditis 391.2 Acute rheumatic myocarditis 

I09.0 Rheumatic myocarditis 398.0 Rheumatic myocarditis 

 

Table A2.  ICD codes for Pericarditis 
ICD-10 ICD-10 Description ICD-9 ICD-9 Description 

I32 Pericarditis in diseases classified elsewhere 420.0 Acute pericarditis in diseases classified 

elsewhere 

I30.9 Acute pericarditis, unspecified 420.90 Acute pericarditis, unspecified 

I30.8 Other forms of acute pericarditis 420.99 Other acute pericarditis 

I30.1 Infective pericarditis 420.90 Acute pericarditis, unspecified 

I30.0 Acute nonspecific idiopathic pericarditis 420.91 Acute idiopathic pericarditis 

M32.12 Pericarditis in systemic lupus erythematosus 423.9 Unspecified disease of pericardium 

 

Table A3.  ICD codes for Acute Myocardial Infarction 
ICD-10 ICD-10 Desc ICD-9 ICD-9 Desc 

I21.0* ST elevation (STEMI) myocardial infarction 

of anterior wall 

410* Acute myocardial infarction 

I21.1* ST elevation (STEMI) myocardial infarction 

of inferior wall 

As above  

I21.2* ST elevation (STEMI) myocardial infarction 

of other sites 

As above  

I21.3 ST elevation (STEMI) myocardial infarction 

of unspecified site 

As above  

I21.4 Non-ST elevation (NSTEMI) myocardial 

infarction 

As above  

I21.9 Acute myocardial infarction, unspecified As above  

I22* Subsequent ST elevation (STEMI) and non-

ST elevation (NSTEMI) myocardial 

infarction 

As above  

*Indicates that all subsequent digits/characters are included 

 

Table A4.  ICD codes for Acute Kidney Failure 
ICD-10 ICD-10 Desc ICD-9 ICD-9 Desc 

N17.0 Acute kidney failure with tubular necrosis 584.5 Acute kidney failure with lesion of tubular 

necrosis 

N17.1 Acute kidney failure with acute cortical 

necrosis 

584.6 Acute kidney failure with lesion of renal 

cortical necrosis 

N17.2 Acute kidney failure with medullary necrosis 584.7 Acute kidney failure with lesion of renal 

medullary [papillary] necrosis 
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N17.8 Other acute kidney failure 584.8 Acute kidney failure with other specified 

pathological lesion in kidney 

N17.9 Acute kidney failure, unspecified 584.9 Acute kidney failure, unspecified 

 

Table A5.  ICD codes for Chronic Kidney Disease 
ICD-10 ICD-10 Desc ICD-9 ICD-9 Desc 

I12.0 Hypertensive chronic kidney disease with 

stage 5 chronic kidney disease or end stage 

renal disease 

403.01, 

403.11, 

403.91 

Hypertensive chronic kidney disease, 

malignant, with chronic kidney disease 

stage V or end stage renal disease; 

Hypertensive chronic kidney disease, 

benign, with chronic kidney disease stage 

V or end stage renal disease; Hypertensive 

chronic kidney disease, unspecified, with 

chronic kidney disease stage V or end 

stage renal disease 

I13.1 Hypertensive heart and chronic kidney 

disease without heart failure 

  

I13.10 Hypertensive heart and chronic kidney 

disease without heart failure, with stage 1 

through stage 4 chronic kidney disease, or 

unspecified chronic kidney disease 

404.00, 

404.10, 

404.90 

Hypertensive heart and chronic kidney 

disease, malignant, without heart failure 

and with chronic kidney disease stage I 

through stage IV, or unspecified; 

Hypertensive heart and chronic kidney 

disease, benign, without heart failure and 

with chronic kidney disease stage I 

through stage IV, or unspecified; 

Hypertensive heart and chronic kidney 

disease, unspecified, without heart failure 

and with chronic kidney disease stage I 

through stage IV, or unspecified 

I13.11 Hypertensive heart and chronic kidney 

disease without heart failure, with stage 5 

chronic kidney disease, or end stage renal 

disease 

404.02, 

404.12, 

404.92 

Hypertensive heart and chronic kidney 

disease, malignant, without heart failure 

and with chronic kidney disease stage V or 

end stage renal disease; Hypertensive 

heart and chronic kidney disease, benign, 

without heart failure and with chronic 

kidney disease stage V or end stage renal 

disease; Hypertensive heart and chronic 

kidney disease, unspecified, without heart 

failure and with chronic kidney disease 

stage V or end stage renal disease 

N03.2 Chronic nephritic syndrome with diffuse 

membranous glomerulonephritis 

582.0 Chronic glomerulonephritis with lesion of 

proliferative glomerulonephritis 

N03.3 Chronic nephritic syndrome with diffuse 

mesangial proliferative glomerulonephritis 

582.1 Chronic glomerulonephritis with lesion of 

membranous glomerulonephritis 

N03.4 Chronic nephritic syndrome with diffuse 

endocapillary proliferative 

glomerulonephritis 

582.2 Chronic glomerulonephritis with lesion of 

membranoproliferative glomerulonephritis 

N03.5 Chronic nephritic syndrome with diffuse 

mesangiocapillary glomerulonephritis 

As 

above 

 

N03.6 Chronic nephritic syndrome with dense 

deposit disease 

As 

above 

 

N03.7 Chronic nephritic syndrome with diffuse 

crescentic glomerulonephritis 

As 

above 

 

N18* Chronic kidney disease (CKD) 585* Chronic kidney disease (CKD) 

N19 Unspecified kidney failure 586 Renal failure, unspecified 
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N05.2 Unspecified nephritic syndrome with diffuse 

membranous glomerulonephritis 

583.1 Nephritis and nephropathy, not specified 

as acute or chronic, with lesion of 

membranous glomerulonephritis 

N05.3 Unspecified nephritic syndrome with diffuse 

mesangial proliferative glomerulonephritis 

583.2 Nephritis and nephropathy, not specified 

as acute or chronic, with lesion of 

membranoproliferative glomerulonephritis 

N05.4 Unspecified nephritic syndrome with diffuse 

endocapillary proliferative 

glomerulonephritis 

As 

above 

 

N05.5 Unspecified nephritic syndrome with diffuse 

mesangiocapillary glomerulonephritis 

As 

above 

 

N05.6 Unspecified nephritic syndrome with dense 

deposit disease 

583.89 Nephritis and nephropathy, not specified 

as acute or chronic, with other specified 

pathological lesion in kidney 

N05.7 Unspecified nephritic syndrome with diffuse 

crescentic glomerulonephritis 

As 

above 

 

N25.0 Renal osteodystrophy 588.0 Renal osteodystrophy 

Z49.01, 

Z49.02 

Encounter for fitting and adjustment of 

extracorporeal dialysis catheter; Encounter 

for fitting and adjustment of peritoneal 

dialysis catheter 

V56.1, 

V56.2 

Fitting and adjustment of extracorporeal 

dialysis catheter; Fitting and adjustment of 

peritoneal dialysis catheter 

Z94.0 Kidney transplant status V42.0 Kidney replaced by transplant 

Z99.2 Dependence on renal dialysis V45.11 Renal dialysis status 

*Indicates that all subsequent digits/characters are included 

 

Table A6.  CVX codes for COVID-19 vaccination 
Imm_type Description Comments 

510 SARS-COV-2 COVID-19 Inactivated 

Virus Non-U.S. Vaccine Product (BIBP, 

Sinopharm) 

WHO authorized pandemic vaccine. Recognized towards 

immunity in U.S.  

511 SARS-COV-2 COVID-19 Inactivated 

Virus Non-U.S. Vaccine Product 

(CoronaVac, Sinovac) 

WHO authorized pandemic vaccine. Recognized towards 

immunity in U.S.  

502 SARS-COV-2 COVID-19 Inactivated 

Virus Non-U.S. Vaccine Product 

(COVAXIN) 

Pandemic Non-U.S. Vaccine Authorized by WHO 11-3-

2021, recognized toward immunity in U.S., 

https://extranet.who.int/pqweb/vaccines/who-

recommendation-bharat-biotech-international-ltd-covid-19-

vaccine-whole-virion.  

212 SARS-COV-2 (COVID-19) vaccine, 

vector non-replicating, recombinant spike 

protein-Ad26, preservative free, 0.5 mL 

FDA EUA 02/27/2021, 1-dose vaccine. Used to record 

Janssen/J&J vaccines administered in the U.S. and in non-

U.S. locations 

210 SARS-COV-2 (COVID-19) vaccine, 

vector non-replicating, recombinant spike 

protein-ChAdOx1, preservative free, 0.5 

mL 

Potential FDA EUA, 2-dose vaccine. AstraZeneca vaccine 

is authorized by the WHO and recognized towards 

immunity in the U.S. Non-U.S. WHO authorized 

tradenames/identifiers include VAXZEVRIA, AZD1222, 

ChAdOx1 nCoV-19, COVISHIELD 

207 SARS-COV-2 (COVID-19) vaccine, 

mRNA, spike protein, LNP, preservative 

free, 100 mcg/0.5mL dose or 50 

mcg/0.25mL dose 

FDA EUA 12/18/2020, 2-dose vaccine. Used to record 

Moderna vaccines administered in the U.S. and in non-U.S. 

locations (includes tradename Spikevax) 

208 SARS-COV-2 (COVID-19) vaccine, 

mRNA, spike protein, LNP, preservative 

free, 30 mcg/0.3mL dose 

FDA BLA 08/23/2021 for adult dose (16+ years). Still 

under EUA for adolescent doses and presentations. EUA 

12/11/2020, 2-dose vaccine. Used to record Pfizer vaccines 

administered in the U.S. and in non-U.S. locations 

(includes tradename Comirnaty) 
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217 SARS-COV-2 (COVID-19) vaccine, 

mRNA, spike protein, LNP, preservative 

free, 30 mcg/0.3mL dose, tris-sucrose 

formulation 

EUA 12+ yrs, BLA 16+ yrs Pfizer tris-sucrose formulation 

vaccine for ages 12 and older 

221 SARS-COV-2 (COVID-19) vaccine, 

mRNA, spike protein, LNP, preservative 

free, 50 mcg/0.5 mL dose 

FDA EUA 03/29/2022, Moderna booster dose 2.5mL vial 

presentation only 

211 SARS-COV-2 (COVID-19) vaccine, 

subunit, recombinant spike protein-

nanoparticle+Matrix-M1 Adjuvant, 

preservative free, 0.5mL dose 

Pre-EUA Authorization - Novavax Primary Series dose 

229 SARS-COV-2 (COVID-19) vaccine, 

mRNA, spike protein, LNP, bivalent 

booster, preservative free, 50 mcg/0.5 mL 

or 25 mcg/0.25 mL dose 

Pre-EUA Moderna bivalent booster, ages 6yr+ as 

authorized, original strain + omicron BA.4/BA.5 

300 SARS-COV-2 (COVID-19) vaccine, 

mRNA, spike protein, LNP, bivalent 

booster, preservative free, 30 mcg/0.3 mL 

dose, tris-sucrose formulation 

Pre-EUA Pfizer bivalent booster, ages adult 12+, original 

strain + omicron BA.4/BA.5 

Note: CVX codes 207, 208, 217, 221, 229, 300 are categorized as “mRNA”, 212 is “JNJ”, and all others are 

categorized as “other” 



Reference (a) 

 

 

 

 

 

 

 





M yocarditis is a heterogeneous disease with diverse
clinical patterns, etiologies, and therapeutic re-
sponses, reflecting inflammatory injury to myocar-

dial tissue in the absence of ischemia.1 While viral infections,
now including SARS-CoV-2, are the most common triggers of
the disease, some myocarditis cases are associated with cer-
tain drugs and vaccine exposures.1 With the exception of cases
following live-attenuated smallpox vaccine in the military
population,2 myocarditis as an adverse event following im-
munization is described in rare published case reports and
infrequent submissions to the Vaccine Adverse Events Report-
ing System (VAERS).3,4

Serious adverse events associated with receipt of new vac-
cines targeting COVID-19 are of high interest to the public and
to public health vaccine safety surveillance. We describe a se-
ries of 23 individuals who developed probable hypersensitiv-
ity myocarditis in temporal association with COVID-19 mes-
senger RNA (mRNA) vaccination.

Methods
The US military initiated COVID-19 vaccination following US
Centers for Disease Control and Prevention (CDC)–defined
phased distribution in December 2020. Adverse events fol-
lowing immunizations were identified from referrals to
Defense Health Agency clinical specialists and through re-
view of VAERS reports. Retrospective review of cases was con-
ducted in accordance with the Walter Reed National Military
Medical Center Institutional Review Board–approved proto-
col, “Adverse Events Following Immunization: Case Defini-
tions and Outcomes Retrospective Review,” and exempt from
formal consent procedures.

Results
A total of 23 male patients (22 currently serving in the mili-
tary and 1 retiree; median [range] age, 25 [20-51] years) were
evaluated between January and April 2021 for acute-onset
chest pain following mRNA COVID-19 vaccination. Care was
provided in 15 distinct geographic locations globally with vary-
ing diagnostic evaluations. Each patient had a final diagnosis
of myocarditis without infectious, ischemic, or autoimmune
etiologies identified. Diagnoses were reviewed by an adjudi-

cation process and met the CDC case definition criteria for prob-
able myocarditis (Table 1). A total of 8 patients had cardiac mag-
netic resonance imaging (cMRI) with T2 weighting showing
subepicardial late gadolinium enhancement and/or focal
myocardial edema, consistent with Lake Louise criteria for
myocarditis.1 The eFigure in the Supplement exemplifies cMRI
findings for one of these patients.

The demographic and clinical characteristics of patients are
summarized in Table 2. All military service members were physi-
cally fit by military standards and lacking any known history of
cardiac disease, significant cardiac risk factors, or exposure to
cardiotoxic agents. All patients presented with acute chest pain
and significantly elevated cardiac troponin levels (10-fold to
400-fold the upper limits of their respective reference ranges).
Their symptoms began within 12 to 96 hours following immu-
nization with an mRNA COVID-19 vaccine. Sixteen had re-
ceived the mRNA-1273 vaccine (Moderna), and 7 had received
the BNT162b2-mRNA vaccine (Pfizer-BioNTech). For all but 3
patients, the second dose of vaccine preceded their myocardi-
tis presentations. Among the 3 patients presenting after an ini-
tial vaccine dose, all had confirmed COVID-19 infection more
than 2 months prior to vaccination.

All patients underwent electrocardiography and echocar-
diography (Table 2). Abnormal electrocardiography findings
were recorded in 19 patients (83%); findings included ST-
segment elevations, T-wave inversions, and nonspecific ST
changes. Echocardiography in 4 patients (17%) demonstrated
reduced left ventricular ejection fractions (40% to 50%).

Key Points
Question Should myocarditis be considered a potential adverse
event following immunization with messenger RNA (mRNA)
COVID-19 vaccines?

Findings In this case series of 23 male patients, including 22
previously healthy military members, myocarditis was identified
within 4 days of receipt of a COVID-19 vaccine. For most patients
(n = 20), the diagnosis was made after the second dose of mRNA
COVID-19 vaccine; these episodes occurred against the backdrop
of 2.8 million doses of mRNA COVID-19 vaccines administered.

Meaning Vigilance for rare adverse events, including myocarditis,
after COVID-19 vaccination is warranted but should not diminish
overall confidence in vaccination during the current pandemic.

Table 1. Case Definition Criteria for Myocarditis Following Immunizationa

Suspected case Probable case Confirmed case
Dyspnea, palpitations, or chest pain of probable
cardiac origin, with either one of the following:
A. ECG abnormalities beyond normal variants,

not documented previously, including:
• ST-segment/T-wave abnormalities
• Paroxysmal or sustained atrial or ventricular

arrhythmias
• AV nodal conduction delays or

intraventricular conduction defects
• Continuous ambulatory ECG monitoring that

detects frequent atrial or ventricular ectopy
B. Focal or diffuse depressed LV function of

indeterminate age identified by an imaging study

Meets criteria for suspected myocarditis,
in the absence of other likely cause of
symptoms, in addition to one of the
following:
A. Elevated cardiac enzymes (troponin-I,

troponin-T, or creatine kinase-MB)
B. New-onset or increased degree of

severity of focal or diffuse depressed LV
function by imaging

C. Abnormal imaging findings indicating
myocardial inflammation (cardiac MRI
with gadolinium, gallium-67 scanning,
antimyosin antibody scanning)

Histopathologic
evidence of
myocarditis by
endomyocardial
biopsy or autopsy

Abbreviations:
ECG, electrocardiography; LV, left
ventricular; MRI, magnetic resonance
imaging.
a This definition was originally

developed to evaluate cardiac
events after smallpox vaccine. The
definition is currently being
reviewed by the international
Brighton Collaboration for
application to COVID-19 vaccine.
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biopsy, histology cannot be defined, but the clinical course sug-
gests eosinophilic hypersensitivity myocarditis as described
in the context of other drug-associated and vaccine-
associated myocarditis.1-3 Presentation after second vaccine
dose or, in 3 patients, when vaccination followed SARS-
CoV-2 infection, suggests that prior exposure was relevant in
the hypersensitivity response.

With the exception of the smallpox vaccine, immuniza-
tions are rarely associated with hypersensitivity myocarditis.
The spectrum of clinical presentation and reliance on pa-
tients seeking health care and on health care professionals rec-
ognizing a rare vaccine-associated adverse event limits deter-
mination of the true incidence of this condition.7 In contrast
to passive case finding, Engler et al2 reported a significantly
higher incidence of myocarditis and pericarditis after small-
pox vaccination through active prospective follow-up of vac-
cinated participants. They noted that 60% of these patients
would not have sought medical care for symptoms outside of
the study protocol.2 Recognition of vaccine-associated myo-
carditis is clinically important since diagnosis impacts man-
agement, recommendations for exercise, and monitoring for
cardiomyopathy.8

Notably, myocarditis cases were not reported following
vaccination in clinical trials of current COVID-19 vaccines.9,10

Adverse cardiac events of any kind were reported in less than
0.1% of trial participants, and rates were not higher in recipi-
ents of vaccine compared with placebo. The inability to iden-
tify rare adverse events is understandable in preauthoriza-
tion testing since fewer than 20 000 participants received a
vaccine in each trial.

Background rates of myocarditis in the general popula-
tion are variable and may be challenging to determine. As
noted, a global estimate of incidence is 22 cases per 100 000
person-years.5 More recent estimates of US incidence are lower
(1 to 10 cases per 100 000 person-years) and may be more ap-
propriate for estimating expected rates of diagnoses in evalu-
ations of immunization safety.6 Applying both the US and
global background incidence to the population vaccinated by
the US military yields a range of expected numbers of cases of
myocarditis in this period (Table 3). The observed number of
male military members who experienced myocarditis after
their second dose of mRNA vaccine, while relatively small, is
substantially higher than the expected number.

Finally, it is important to frame concerns about potential
vaccine-associated myocarditis within the context of the cur-
rent pandemic. Infection with SARS-CoV-2 is a clear cause of

serious cardiac injury in many patients.11 The mechanism of
injury may be direct infection, an immune-mediated re-
sponse, or a combination of direct or indirect effects. Preva-
lence of cardiac injury may be as high as 60% in seriously ill
patients. Notably, nearly 1% of highly fit athletes with mild
COVID-19 infection have evidence of myocarditis on cMRI.12,13

Given that COVID-19 vaccines are remarkably effective at
preventing infection, any risk of rare adverse events follow-
ing immunization must be carefully weighed against the very
substantial benefit of vaccination.

Limitations
Important limitations to this case series should be consid-
ered. Passive surveillance, even when stimulated by global at-
tention on vaccine safety, may not identify all cases. The pa-
tients described in this report were identified in a brief period
of observation after vaccine implementation from a cohort of
essential workers who are not necessarily representative of the
general population. Clinical evaluations varied and did not in-
clude complete testing in some patients who received care in
different hospitals and in different countries. In particular, con-
sistent application of cMRI and thorough viral testing would
have strengthened clinical conclusions. This early report is also
unable to describe longer-term outcomes among these pa-
tients. Despite limitations of this review, it is notable that the
clinical presentations of these 23 patients appear consistent
with other recent case reports of myocarditis after second doses
of mRNA COVID-19 vaccines.14,15

Conclusions
We report a case series of probable hypersensitivity myocar-
ditis with consistent temporal association to receipt of an
mRNA COVID-19 vaccine. While the true incidence of this
adverse event is unknown at this time, the presentation pat-
tern and clinical course suggest an association with an
inflammatory response to vaccination. Increased attention
to myocarditis as a potential adverse event following immu-
nization is warranted. Recognition of the substantial mor-
bidity associated with COVID-19 infection, including risk of
cardiac injury, and the strong effectiveness of immunization
in preventing infection provide important context for this
topic. Concerns about rare adverse events following immu-
nization should not diminish overall confidence in the value
of vaccination.
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50% homology with the Middle Eastern respiratory syn-
drome coronavirus.3 Importantly, ACE2 (angiotensin-con-
verting enzyme 2) had been identified as the receptor 
for SARS-CoV4,5 and SARS-CoV-2.6–8 The spike protein 
of SARS-CoV-2 binds ACE2 and is cleaved by human 
type II TMPRSS2 (transmembrane serine protease-2) 
facilitating viral entry into the cytosol.6 TMPRSS2 is also 
required for SARS-CoV and Middle Eastern respiratory 
syndrome coronavirus viral entry.9,10 COVID-19 occurs 
predominantly in men,11–13 which may be explained, at 
least in part, by a higher expression of ACE2 on male 
versus female cells.14 Thus, these 3 coronaviruses that 
cause myocarditis share many similarities in the recep-
tors they use for viral entry.

ACE2 expression has been reported for many tis-
sues/organs including the lung (ie, lung type II alveolar 
cells/AT2, bronchial epithelial cells), brain, kidney, small 
intestine, colon, and heart.9,14–17 Zou et al16 examined 
published single-cell RNA sequencing data and found 
that 7.5% of cells in the heart expressed ACE2. In the 

heart, ACE2 has been reported to be expressed on car-
diomyocytes, pericytes (cells present along the walls 
of capillaries), and macrophages with lower expression 
on fibroblasts and endothelial cells.18,19 TMPRSS2 is 
also expressed on endothelial cells and pericytes.10 The 
SARS-CoV-2 genome has been detected by polymerase 
chain reaction (PCR) in cardiac tissues from autopsies 
of patients with COVID-19,20,21 suggesting the virus can 
infect the heart. Thus, cardiomyocytes and pericytes 
express ACE2 and TMPRSS2, as well as other acces-
sory proteins (ie, NRP1 [neuropilin-1 receptor], CD147, 
integrin α5β1, and cathepsin B/L) needed for viral infec-
tion by SARS-CoV-2 (Figure 1; reviewed in the study by 
Abdi et al22).23–27 In a study examining the prevalence of 
ACE2 on immune cells, it was found to be expressed 
primarily on activated tissue macrophages but not on 
peripheral blood mononuclear cells in healthy people.28 
ACE2, TMPRSS2, NRP1, integrins, and cathepsins are 
also expressed on mast cells (Figure 1),28,29 which can 
act as antigen-presenting cells (APCs) in addition to 
their typical activity in promoting T helper (Th) 2 immune 
responses, remodeling, and fibrosis. Because the level of 
virus in the heart is thought to be low based on autopsy 
studies,20,21 it has been questioned whether low SARS-
CoV-2 levels in the heart can cause myocarditis.

SARS-COV-2–MEDIATED CARDIAC 
DAMAGE: POTENTIAL MECHANISMS
Clinicians typically assess myocardial damage (ie, necro-
sis) by examining serum cardiac troponins.30,31 How-
ever, myocarditis often occurs without necrosis so that 
the absence of elevated troponin does not rule out the 
presence of myocarditis, even severe myocarditis.32,33 
Potentially low SARS-CoV-2 infection may damage car-
diomyocytes leading to cardiac myosin release and acti-
vation of resident APCs like mast cells and macrophages 
to recruit inflammation to the heart. Autopsy studies con-
ducted retrospectively to determine the number of myo-
carditis cases from COVID-19 often have several issues, 
including requiring the histology to display inflammation 
and necrosis and not providing or analyzing data accord-
ing to sex and age. For example, 1 study of 277 autopsy 
cases from patients with COVID-19 reported myocarditis 
in 7.2% of cases,34 but the median age of subjects in the 
study was 75 year-old-men and women while myocar-
ditis predominantly occurs in men under the age of 50 
years.

One important question is whether direct infection 
of cardiac tissues by SARS-CoV-2 can lead to myo-
carditis or whether other mechanisms such as cytokine 
storm, indirect infection from EVs, or molecular mim-
icry are needed. Direct infection with high viral levels 
is presumed to be the cause of viral myocarditis. How-
ever, several animal models of viral myocarditis have 

Nonstandard Abbreviations and Acronyms

ACE2 angiotensin-converting enzyme 2
Ang II angiotensin II
Ang 1–7 angiotensin 1–7
APC antigen-presenting cell
ATR1 angiotensin II receptor 1
cMRI  cardiac magnetic resonance imaging
CR complement receptor
CRP C-reactive protein
CVB3 coxsackievirus B3
DCM dilated cardiomyopathy
EAM experimental autoimmune myocarditis
EMB endomyocardial biopsy
EV extracellular vesicle
IFN interferon
IL interleukin
NLRP3  nucleotide-binding domain, leucine- 

rich–containing family, pyrin 
domain–containing-3

NRP1 neuropilin-1 receptor
NT-proBNP  N-terminal pro-B-type natriuretic 

peptide
PCR polymerase chain reaction
TGF transforming growth factor
Th T helper
Tim-3  T-cell immunoglobulin mucin 

domain 3
TLR toll-like receptor
TMPRSS2 transmembrane serine protease-2
TNFα tumor necrosis factor-alpha



CO
M

PE
ND

IU
M

 O
N 

CO
VI

D-
19

 A
ND

 
CA

RD
IO

VA
SC

UL
AR

 D
IS

EA
SE

1304  May 12, 2023 Circulation Research. 2023;132:1302–1319. DOI: 10.1161/CIRCRESAHA.123.321878

Fairweather et al COVID-19, Myocarditis, and Pericarditis

low or barely detectable levels of virus in the heart (or 
use complete Freund’s adjuvant with inactivated Myco-
bacterium tuberculosis), and these autoimmune models 
closely resemble the time course and pathogenesis of 
clinical lymphocytic myocarditis (data shown in review35; 
Table S1).35–37 A comparison of viral autoimmune myo-
carditis models to virus- or autoimmune-only models is 
summarized in Table S1 and reviewed in previous stud-
ies.35,37–39 It is important to realize that the dominant 
immune infiltrate during COVID-19 myocarditis, acute 
lymphocytic myocarditis, and in autoimmune models of 
myocarditis are macrophages (50%–80%) with fewer 
T and B cells (15%; Figure 2), and so the name for this 
most common form of myocarditis (ie, lymphocytic) is 
somewhat misleading. Thus, based on findings in auto-
immune models of myocarditis, it is not necessary for 
SARS-CoV-2 to replicate in the heart at a high level to 
cause myocarditis.

Because COVID-19 is associated with cytokine 
storm,40 it has been proposed that this may lead to 
myocarditis. However, no animal models of myocardi-
tis exist where administration of proinflammatory cyto-
kines alone induce cardiac inflammation without the 
use of an adjuvant (ie, active or inactive virus, bacteria, 
or parasite) and damaged self-tissue. The fundamental 
question is how inflammation would be directed to the 
heart unless cardiac damage has occurred or a microbe 
infects the heart (even at a low level). In this context, 
elevated circulating cytokines could increase myocar-
ditis as has been shown previously when recombinant 
TNFα (tumor necrosis factor-alpha), IL (interleukin)-1β, 
or IL-33 was administered in coxsackievirus B3 (CVB3) 
virus-only or autoimmune CVB3 animal models.41,42 
Similarly, molecular mimicry has been examined for 
its potential role in virus-induced myocarditis for many 
years.43,44 Gil-Cruz et al44 found that cross-reactivity 

Figure 1. Potential mechanisms leading to myocarditis/pericarditis following SARS-CoV-2 infection or vaccination.
SARS-CoV-2 initially infects the lungs generating a cytokine storm including TNFα (tumor necrosis factor-alpha), IL (interleukin)-1β, and 
IL-6 and releasing extracellular vesicles (EVs) that contain virus or virus particles. 2. EVs may traffic through the blood or lymph to the heart 
where they infect cardiac cells that express the necessary receptors (ACE2 [angiotensin-converting enzyme 2], TMPRSS2 [transmembrane 
serine protease-2], and NRP1 [neuropilin-1 receptor]) such as cardiomyocytes, pericytes, mast cells, and macrophages. Additionally, resident 
antigen-presenting cells like mast cells, dendritic cells, and macrophages respond to virus and damaged cardiac tissue by activating an adaptive 
autoimmune response leading to myocarditis. 3. COVID-19 vaccines may activate resident mast cells or macrophages at the injection site that in 
susceptible individuals who have cardiac injury may promote an autoimmune response leading to myocarditis. Illustration credit: Sceyence Studios.
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between gut bacteria and cardiac myosin-specific T 
cells promotes myocarditis in the context of a cardiac 
viral infection. Thus, the simplest explanation for how 
SARS-CoV-2 infection leads to myocarditis is that 
damage to the heart from viral infection draws inflam-
mation to the heart and that an autoimmune response 
to virus and cardiac damage is amplified by the strong 
circulating proinflammatory milieu in susceptible indi-
viduals (ie, young men with more mast cells; Figure 1).

An emerging mechanism that may also be involved 
in promoting myocarditis following SARS-CoV-2 infec-
tion includes EVs that harbor viral mRNA. Many viruses 
such as HIV, coxsackievirus, hepatitis B and C, influenza, 
Epstein-Barr virus, and SARS-CoV-2 highjack cellular 
and mitochondrial programs to enhance viral replication, 
package virus into EVs, and use EVs containing virus or 
viral components to subvert the immune response to 
obtain a replicative advantage in the host (Figure 1).45–47 
This is also true for SARS-CoV-2 RNA, which has been 
detected in EVs.48–50 Virus-containing EVs could enter 

the circulation from the lungs or other organs and enter 
the heart to be taken up by resident APCs like mast cells 
and macrophages to promote myocarditis (Figure 1). 
Additionally, it is possible that virus-containing EVs may 
be taken up by cells that do not express ACE2 using 
surface ligands on EVs.51

ACE2 AS A MODULATOR OF VASCULAR 
FUNCTION
ACE2 not only functions as a viral receptor for SARS-
CoV-2 but also regulates blood pressure.52 When SARS-
CoV-2 binds ACE2, it reduces its expression. ACE2 on 
endothelial cells of the arteries, arterioles, and venules 
of the heart and kidney determines its ability to regu-
late vascular function and blood pressure, as reviewed 
previously.19,53,54 ACE2 is a cell surface metalloenzyme 
and carboxypeptidase that regulates Ang II (angioten-
sin II) and Ang 1–7 (angiotensin 1–7). Ang II binds the 
ATR1 (Ang II receptor 1) receptor leading to release of 

Figure 2. Similarity in histological staining ratio for macrophages and T cells during COVID-19 myocarditis and vaccination 
versus pre-COVID myocarditis in humans and mice. 
Representative immunohistochemistry staining of myocardium in both human and mouse samples. Hematoxylin and eosin (H&E) staining 
shows inflammatory foci. Species-specific markers for macrophages (CD63+ human, CD11b+ mouse) and T cells (CD3+) show immune cell 
composition of the inflammatory infiltrate. Human scale bars, 100 µm; mouse scale bars, 200 µm.
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Cardiology guidelines.31,77 There has been some con-
troversy regarding the effect of immunosuppressive 
therapies such as glucocorticoids for myocarditis, while 
recent long-term data support its benefits.78,79 Successful 
application of anti-inflammatory approaches in patients 
with COVID-19 has been reported in the literature, 
likely because of the overwhelming proinflammatory and 
cytokine response observed early after SARS-CoV-2 
infection.31,80,81

EPIDEMIOLOGY OF COVID-19 
MYOCARDITIS/PERICARDITIS
The latest Global Burden of Disease statistics before the 
COVID-19 pandemic place the worldwide prevalence 
of myocarditis and cardiomyopathy at 10.2 to 105.6 
cases/100 000 individuals.74,82 A recent study estimated 
pre-COVID myocarditis in the United States at 1 to 10 
cases/100 000 individuals (Table 1).84 The incidence 
of acute pericarditis pre-COVID in a large Finnish reg-
istry of all cardiovascular patients (n=670 409) was 
3.3 cases/100 000 individuals.95,96 Many epidemiology 
studies of myocarditis in patients with COVID-19 have 
been conducted since the pandemic started, with some 
of the larger studies listed in Table S2. The overall inci-
dence of myocarditis in the United States from SARS-
CoV-2 infection has been estimated in a study by the 
Centers for Disease Control and Prevention at around 
150 cases/100 000 versus 9 cases/100 000 individu-
als in non-COVID cases during the same time period 
(Table 1).2,85,97 A separate study in the United States and 
Europe estimated 240 cases/100 000 individuals of 
definite or probable myocarditis and 410 cases/100 000 
individuals for possible myocarditis (Table 1).92 These 
data indicate around a ≥15-fold increased risk of devel-
oping myocarditis from SARS-CoV-2 infection compared 
with other causes (Table 1).74,84

SARS-COV-2 STRAINS AND MYOCARDITIS
As is characteristic for rapidly replicating small RNA 
viruses like coxsackievirus and coronaviruses, mutations 
in key epitopes of the virus allow it to evade the adap-
tive immune response and promote infectivity depending 
on the location of the mutation. Table 2 lists the primary 
SARS-CoV-2 strains that were termed by the World 
Health Organization as a variant of interest or a vari-
ant of concern with the number of their mutations and 
the approximate date they were identified. According to 
the Centers for Disease Control and Prevention Morbid-
ity and Mortality Weekly Report, the Alpha variant led to 
more hospitalization and death than the original SARS-
CoV-2 strain.98 Mutations in SARS-CoV-2 that occurred 
with Delta were found to cause more severe disease in 
individuals who were not vaccinated than other strains 

like Alpha.99 Delta remained the dominant strain until 
Omicron arrived around November 2021. Omicron cases 
had greater infectivity and the highest hospital admission 

Table 1. Summary of Cases of Myocarditis Reported Before 
and During COVID-19 and Related to Vaccines

Time period assessed No. of cases reported References 

Non-COVID

  Hong Kong non-COVID 
but during pandemic

0.55 cases/100 000 
individuals

83

  US VAERS pre-COVID 1–10 cases/100 000 
individuals

84

  US CDC non-COVID but 
during pandemic

9 cases/100 000 individuals 85

COVID-19

  US CDC COVID 
associated

150 cases/100 000 
individuals

85

  US VAERS COVID 
associated

1000–4000 cases/100 000 
individuals

84

COVID-19 vaccines

  Singapore Pfizer and 
Moderna overall

0.1–1 case/100 000 
individuals

86

  US VAERS vaccine–
associated 1990–2022 
overall

0.38 cases/100 000 
individuals

84

  UK AstraZeneca overall 0.5 cases/100 000 
individuals

87

  Hong Kong vaccine 
associated

0.55 cases/100 000 
individuals

83

  US vaccine-associated 
overall

1 case/100 000 individuals 88

  UK Pfizer overall 1 case/100 000 individuals 87

  UK Moderna overall 1.4 cases/100 000 
individuals

87

  Israel Pfizer overall 2.1 cases/100 000 
individuals

89

  Israel Pfizer overall 2.7 cases/100 000 
individuals

90

  Moderna worldwide 
overall

9.2 cases/100 000 
individuals

91

  Israel vaccine-associated 
overall

11 cases/100 000 
individuals

90

  US/Europe vaccine-
associated overall

410 cases/100 000 
hospitalized patients

92

COVID-19 vaccines by sex and age

  US Pfizer 18- to 39-y olds 2.2 cases/100 000 
individuals

93

  US Moderna 18- to 39-y 
olds

3.1 cases/100 000 
individuals

93

  US VAERS Pfizer second 
dose 18- to 24-y-old male 
patients

5.2 cases/100 000 
individuals

94

  Israel Pfizer 16- to 29-y-
old male patients

10.7 cases/100 000 
individuals

89

  Moderna worldwide 18- 
to 24-y-old male patients

53.8 cases/100 000 
individuals

91

CDC indicates Centers for Disease Control and Prevention; UK, United 
Kingdom; US, United States; and VAERS, Vaccine Adverse Event Reporting 
System.
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frequency, but severe illness was lower than Delta and 
Alpha variants.100,101

Zhang et al102 examined cardiovascular complica-
tions from 44 patients recovering from the Delta variant 
versus 25 controls and found that 32% had abnormal 
findings on cMRI and 20% with evidence of myocardi-
tis. The study had 64% women with a median age of 
51 (range, 39–62) years. Myocarditis typically occurs 
more often in young men aged 16 to 30 years, and the 
sex ratio for COVID-19 studies is typically observed to 
be 60% men to 40% women.64,103–105 Thus, if a younger 
cohort with a more typical sex ratio had been examined, 
they may have found a higher percentage of possible 
myocarditis cases. However, multiple studies reported 
cardiovascular complications from COVID-19 including 
myocarditis that ranged from 18% to 60% of cases.106–

108 Soon after the Omicron variant emerged, case 
reports of myocarditis appeared.109 A prospective study 
of 998 patients with COVID-19 that examined cardio-
vascular outcomes found that traditional biomarkers 
such as troponins and NT-proBNP predicted mortality 
regardless of the SARS-CoV-2 strain (ie, Alpha, Beta, 
Gamma, and Delta),110 but they did not specifically exam-
ine myocarditis. Another study examined several strains 
of SARS-CoV-2 for their ability to infect and kill cul-
tured cardiomyocytes and found that virus replicated to 
high levels for all strains, but Delta replicated at a higher 
level, caused more death, worsened function (ie, beat-
ing ability), and increased proinflammatory cytokines 
including IL-1β and IFNs compared with Omicron.111 
These findings suggest that Delta may have been more 
affective at inducing myocarditis than Omicron. In a 
separate study, investigators found that only coronary 
artery endothelial cells expressed ACE2, with infection 
occurring regardless of which variant was examined.112 
A recent pediatric study reported that Omicron had the 
highest admission frequency for poor outcome includ-
ing death, but severe illness was lower than with Delta 
and Alpha variants.101 The study included myocarditis as 
part of the score for worse outcomes but did not exam-
ine myocarditis specifically. Thus, myocarditis/pericardi-
tis has been reported as a complication of COVID-19 
for all strains of SARS-CoV-2 thus far.

SEX/GENDER DIFFERENCES IN 
COVID-19 MYOCARDITIS AND 
PERICARDITIS
Myocarditis pre-COVID is known to occur more often in 
young men under the age of 50 years, with a sex ratio of 
2 to 4:1 men to women, while women are more likely to 
develop myocarditis after menopause, which is reviewed 
in previous studies.64,113–117 Similar to myocarditis, pre-
COVID pericarditis occurs more often in young men 
under the age of 50 years with a sex ratio of around 
2:1.64,95,118 Most studies of COVID-19 report a male 
dominance of around 60% men to 40% women.12,13 
Similarly, myocarditis associated with COVID-19 
occurs more often in men than in women (60%–70% 
men to 30%–40% women).103–105 Two large studies of 
3 000 000 and 200 000 patients, respectively, detected 
no sex difference in whether patients tested PCR posi-
tive for SARS-CoV-2, although men had higher rates of 
hospitalization, intensive care unit admission, and mortal-
ity.13,119 This was not the case for all studies. A study of 
≈100 000 patients found that men were more often PCR 
positive for SARS-CoV-2 and had greater mortality than 
women.120 Proinflammatory cytokines and cardiac bio-
markers have been reported to be elevated in men with 
COVID-19 compared with women including ferritin, CRP 
(C-reactive protein), IL-6, IL-8, and IL-18.13,121–123 And 
men have more neutrophils and monocytes, whereas 
women have more T cells,13,121–123 similar to autoimmune 
myocarditis.124,125 Thus, cytokines and biomarkers display 
the same sex differences as clinical myocarditis and ani-
mal models before SARS-CoV-2.

INFLAMMATORY RESPONSE ASSOCIATED 
WITH COVID-19
Inflammation is a key factor driving cardiac dysfunction 
in myocarditis. In 1 study, cardiac dysfunction based on 
echocardiography-derived global longitudinal strain was 
found in ≈80% of COVID-19 cases that had elevated 
serum IL-6.126 CD68+ macrophages with fewer T cells 
are a characteristic finding of immunohistochemistry 
performed on EMB from patients with COVID-19 myo-
carditis/pericarditis, and macrophages are the primary 
infiltrate with fewer T cells in autoimmune models of 
myocarditis (Figure 2).2,31,127 Thus, the characteristics of 
myocardial inflammation are similar between COVID-19 
myocarditis and CVB3 and autoimmune myocarditis ani-
mal models.

cMRI is most often used to diagnose myocarditis 
using specific sequences that identify myocardial water 
content and fibrosis. cMRI cannot identify specific cel-
lular components of inflammation and may be less accu-
rate in the early stages of myocarditis because fibrosis 
typically develops weeks after acute myocarditis.128–130 

Table 2. SARS-CoV-2 Variant Strains

Strain No. of mutations Month and year emerged 

Alpha (B.1.1.7) 20 September 2020

Beta (B.1.351) 17 May 2020

Gamma (P.1) 22 November 2020

Epsilon (B.1.429) 10 July 2020

Lota (B.1.526.1) 17 November 2020

Delta (B.1.617.2) 18 October 2020

Omicron (B.1.1.529) 42 November 2021

Omicron (XBB.1.5) … November 2022



Fairweather et al

COM
PENDIUM

 ON COVID-19 AND 
CARDIOVASCULAR DISEASE

Circulation Research. 2023;132:1302–1319. DOI: 10.1161/CIRCRESAHA.123.321878 May 12, 2023  1309

COVID-19, Myocarditis, and Pericarditis

The accuracy of cMRI depends on the amount of scar 
tissue present, with men developing more scar tissue and 
dilated cardiomyopathy (DCM) than women.64,124,131 In 
support of this hypothesis, myocarditis is often detected 
using cMRI in patients with COVID-19 1 to 6 months 
after acute viral infection based on distinct SARS-CoV-2 
or COVID-19 symptoms and a positive PCR or antigen 
test.132 These observations further suggest that many 
cases of acute myocarditis may be asymptomatic.

The prognosis for viral or idiopathic pericarditis is 
good, based primarily on the effectiveness of colchicine 
combined with anti-inflammatories as therapies.118,133 
The effectiveness of colchicine as a therapy provides 
insight into the pathogenesis of pericarditis, which mir-
rors myocarditis. Colchicine impairs neutrophil adhesion 
to vascular endothelium and degranulation and blocks 
activation of the NLRP3 (NOD-, LRR-, and pyrin domain-
containing protein 3) inflammasome, which is required 
for cleaving caspase-1 leading to the production of IL-1β 
and IL-18.134–136 In myocarditis and pericarditis, neutro-
phil cardiac inflammation occurs before acute myocar-
ditis (around 5–7 days after infection) and is mainly 
replaced by macrophage/T-cell inflammation during 
peak disease (7–14 days after infection). Colchicine also 
increases leukocytic cAMP levels and inhibits IL-1β and 
TNFα release from macrophages. The TLR4/NLRP3/
caspase-1/IL-1β pathway is upregulated in men with 
myocarditis and is central to both the development of 
acute myocarditis and the remodeling that leads to DCM, 
which could explain the increased pericarditis incidence 
in younger men.

SARS-CoV-2 infection has been documented to 
strongly activate complement and to activate other 
innate immune pathways such as TLR4 and the inflam-
masome, which leads to increased IL-1β and IL-18 
levels.137–142 TLR4 signaling is key in driving proinflam-
matory responses associated with COVID-19 and con-
tributes to an increased Th1-type immune response 
because IL-18 (and IL-1β) strongly induces IFNs.143–145 
Other key innate cytokines that are elevated during 
COVID-19 include TNFα and IL-6, which is increased 
by IL-1β.137–142 Tim-3 (T-cell immunoglobulin mucin 
domain 3) is a receptor that is upregulated on mast 
cells and macrophages after viral infection that inhib-
its T-cell responses and is associated with increased 
IL-10 release from alternatively activated macro-
phages.124,125,146 This response has been found to be 
important in CVB3-induced myocarditis in mice. Tim-3 
and IL-10 upregulation is also observed in patients with 
COVID-19.139 This pathway may be responsible for the 
inhibited T-cell responses that have been reported dur-
ing COVID-19 in some patients.138,139 COVID-19 is also 
associated with thromboembolism and clotting, which 
is driven by a number of factors including complement 
and mast cell activation.147,148 As is typical for many 
viruses, IFNs inhibit viral replication and are elevated 

during COVID-19, which helps drive Th1 and Th17 
responses.149,150 Also similar to other viruses, SARS-
CoV-2 has developed a number of methods to inhibit 
the protective IFN response resulting in poorly protec-
tive immune responses in some patients with COVID-
19.69,150 Mathew et al151 conducted deep immune 
profiling of T and B cells obtained by flow cytometry from 
125 patients with COVID-19 versus healthy controls 
and identified 3 immune phenotypes associated with 
worse disease outcome. They observed that COVID-19 
results in hyperactivation of innate immune pathways, 
especially complement and TLR4-related pathways. The 
prototypical immune response associated with COVID-
19 is more severe, but otherwise the immune response 
to SARS-CoV-2 closely resembles what has already 
been described for patients with myocarditis and animal 
models of viral and autoimmune myocarditis.

IMMUNE RESPONSE DURING MURINE 
AUTOIMMUNE CVB3 MYOCARDITIS AND 
EXPERIMENTAL AUTOIMMUNE MODEL
Animal models of myocarditis have yielded a wealth of 
information about the pathogenesis of disease includ-
ing a number of landmark articles that demonstrate that 
myocarditis is an autoimmune disease that requires TLR 
activation by microbes.44,152,153 Immune pathways that 
are similar between COVID-19 and the pathogenesis 
of myocarditis in autoimmune animal models (and veri-
fied to some extent in patients) are summarized below. 
All 3 pathways of complement are upregulated in the 
serum of patients with myocarditis and predict progres-
sion to DCM.154 Mice with experimental autoimmune 
myocarditis (EAM) or autoimmune CVB3 myocarditis 
also upregulate complement components during the 
innate immune response and acute myocarditis includ-
ing C3, CD11b (also known as CR [complement recep-
tor] 3), C3aR, and C5aR.155–157 Elevated expression of 
C3aR (and CD68+ macrophages) was found in patients 
with myocarditis compared with those with cardiomy-
opathy without inflammation.158 The majority of immune 
cells in the heart during acute myocarditis in EAM, the 
autoimmune CVB3 myocarditis model, and humans are 
CD11b+ cells that include neutrophils, macrophages, 
mast cells, and some dendritic cells.124,146,152,159 Mouse 
strains that have many mast cells like BALB/c and A/J 
develop myocarditis that most closely resembles lym-
phocytic myocarditis that progresses to DCM. Mast cells 
work in cooperation with macrophages to increase pro-
fibrotic inflammation and remodeling that leads to scar 
and DCM (Figure 4).129,157,158,160

Another key pathway upregulated in patients, 
EAM, autoimmune CVB3 myocarditis, and CVB3-
only models is the TLR4, caspase-1, and NLRP3 
pathways that increase IL-1β and IL-18 levels in 
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the heart.124,146,152,156,161–164 IL-18, originally named 
IFN-γ–inducing factor, strongly drives Th1 immune 
responses,143–145 but in BALB/c mice, this produces a 
mixed Th1/Th2 response that promotes fibrosis and 
DCM rather than a classical STAT-driven Th1 respo
nse.115,146,160,165 Importantly, elevated TLR4 and IL-1β are 
found on CD11b/CR3-expressing macrophages and 
mast cells during the innate immune response in the 
spleen and heart and in the heart during acute myocar-
ditis.124,146 TLR4 was also found to be expressed in the 
heart of patients with myocarditis and DCM.166,167 IL-1β 
levels in the heart correlate to the severity of inflamma-
tion in male BALB/c mice with autoimmune CVB3 myo-
carditis.115,129 Additionally, testosterone increases TLR4, 
caspase-1, and IL-1β levels during CVB3 myocarditis in 
male mice, which have higher levels of cardiac inflam-
mation.129 Importantly, inhibition of TLR4 and NLRP3 
pathways reduces myocarditis in mouse models.161,168 
An important regulator of T cells following TLR4 acti-
vation is Tim-3, which displays sex differences during 
CVB3 myocarditis.124,125,146

Type I and II IFNs are a dominant immune response 
in CVB3 myocarditis models (and EAM) where inhibi-
tion of these pathways leads to increased viral repli-
cation, pericardial and myocardial inflammation, and 
DCM.124,128,152,169,170 However, IFNs reduce viral rep-
lication and prevent remodeling and fibrosis and 
thereby progression to DCM.128,169,170 Mast cells are 
critical for the remodeling and fibrosis that lead to 
DCM, due to their release of profibrotic cytokines (eg, 
IL-1β, TGFβ1 [transforming growth factor beta 1], 
and TNFα), and many enzymes, including Serpin A3n 
(α1-antichymotrypsin), that are required to activate 
IL-1β and matrix metalloproteinases that are required 
for fibrosis (Figure 4).129,171 Mast cells and macro-
phages work together to drive inflammation and fibro-
sis.129,158 IL-1β also increases serum and cardiac IL-6 
levels that are needed to drive Th17 responses, which 
also promote fibrosis and progression to DCM and 
heart failure in patients with myocarditis and in animal 
models.36,165,172–174 Overall, all of the key immunologi-
cal features that characterize the immune response to 

Figure 4. Mast cell signaling contributes to myocarditis and may contribute to SARS-CoV-2 or vaccine-associated myocarditis.
ACE2 indicates angiotensin-converting enzyme 2; cKit, receptor tyrosine kinase; IL, interleukin; MHC, major histocompatibility complex; 
serpin A3n, serpin family A member 3n (α1-antichymotrypsin); ST2, interleukin-1 receptor-like 1/IL-1RL1; TLR, Toll-like receptor; TMPRSS2, 
transmembrane protease serine-2; and TNFα, tumor necrosis factor-alpha. Illustration credit: Sceyence Studios.
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SARS-CoV-2 have previously been reported to play 
a role in the pathogenesis of EAM and autoimmune 
CVB3 models of myocarditis.

INSIGHTS ON THE PATHOGENESIS 
OF MYOCARDITIS FROM SARS-COV-2 
MODELS
An engineered heart tissue model of COVID-19 found 
that SARS-CoV-2 infection of the heart tissue led to 
contractile issues, sarcomere disassembly, TNFα cyto-
kine production, macrophage infiltration, and cell death, 
mimicking viral myocarditis.27 A number of animal 
models have been developed to examine the patho-
genesis of SARS-CoV-2 with an emphasis on under-
standing the effect on the lungs, but several studies 
also examined the heart. The primary animal models 
of COVID-19 from SARS-CoV-2 infection include the 
golden hamster, ferret, nonhuman primates, and mouse 
models (reviewed in the studies by Munoz-Fontela et 
al175 and Chu et al176). Although mouse models have 
the most information available about their biology and 
many research tools, the ACE2 receptor is significantly 
different between mice and humans; so mouse mod-
els most often use a humanized ACE2 or lung passage 
to overcome this obstacle.177–179 Investigators found 
viral replication in a number of organs with the high-
est expression in the lung and brain and increased 
serum cytokines including IFNγ; however, the mouse 
background used in these models was C57BL/6, which 
responds to antigens with elevated Th1-type immune 
responses because they have few mast cells.160,177,178 In 
a BALB/c mouse model (high mast cells) where the 
virus was passaged through the lung 6× to increase viral 
tropism for the lung, SARS-CoV-2 was detected in the 
heart at days 3 and 5 after infection, and disease was 
worse in old (9 months old) versus young (6 weeks old) 
mice with elevated IL-1β and IL-6.179 But they did not 
describe whether inflammation was found in the heart 
using this model. In another model of COVID-19 using 
BALB/c mice, TNFα, IL-1β, and IL-6 were increased in 
the lung during peak disease, but investigators did not 
describe the response in the heart.180 In a humanized 
transgenic mouse model, ACE2 was expressed in the 
heart and virus replication detected, but they did not 
observe cardiac inflammation.181 Most of these articles 
did not describe whether they examined male or female 
mice/cells while significant differences in myocarditis 
occur by sex in patients and animal models as already 
described.

SARS-CoV-2 infection of male Syrian hamsters 
caused viral infection and induced inflammation in 
the heart according to quantitative real-time PCR and 
immunohistochemistry (individually positive cells), but 
myocardial foci were not described.182 They also found 

increased TNFα and IL-1β in the heart and perivascu-
lar fibrosis, which in our experience typically indicates 
perivascular mast cell degranulation.157,160,182,183 They 
found increased CD15+ cells (a marker of myeloid 
cells such as granulocytes, neutrophils, eosinophils, 
mast cells, and macrophages), CD68+ macrophages, 
and CD4 and CD8 T cells in the heart in SARS-CoV-
2–infected hamsters, but they did not specifically 
examine mast cells.182 This immune response (ie, domi-
nant macrophages with fewer T cells) is typical of EAM, 
autoimmune CVB3 myocarditis, and human myocarditis 
in males (Figure 2).182,184,185 Male Syrian hamsters also 
develop worse myocarditis compared with females.186 
In a separate study using female Syrian hamsters, car-
diomyocyte hypertrophy (at days 4 and 35 after infec-
tion) and cardiac fibrosis and diastolic dysfunction were 
observed at day 35 after SARS-CoV-2 infection using 
echocardiography.187 This time course is the same as 
is observed with the autoimmune CVB3 and murine 
cytomegalovirus models of myocarditis and EAM (Table 
S1).35,124,170,188 However, they did not show a change in 
LV end diastolic dimension or end LV systolic dimen-
sion indicative of DCM; however, this may be because 
they examined females rather than males. Few females 
progress to DCM in humans or autoimmune/viral myo-
carditis animal models.64,124

Although mast cells are typically associated with IgE-
mediated allergic responses, they have a wide array of 
roles including as APCs that respond to infections (Fig-
ure 4).171 Although resident mast cells are found in tis-
sues such as the heart in small numbers, they are highly 
potent with local and far-ranging effects that influence 
the immune, hormone (including sex hormones), and 
central/peripheral nervous systems (Figure 4).171 We 
showed that mast cells are the first APCs to respond 
to CVB3 within 15 minutes of intraperitoneal infection 
during autoimmune CVB3 myocarditis, leading to upreg-
ulation of TLR4, and that this response leads to rapid 
increases in TNF, IL-1β, IL-6, and IFNγ in many organs 
including the heart.124,146,160 The critical role of mast 
cells as APCs during viral infections and in promoting 
myocarditis and pericarditis highlights their importance 
in the pathogenesis of disease. The activation of mast 
cells via ACE2, TMPRSS2, and NRP1 associated with 
COVID-19 is likely to be a crucial factor in promoting 
myocarditis/pericarditis following SARS-COV-2 infec-
tion (Figures 1 and 4).

COVID-19 VACCINE–ASSOCIATED 
MYOCARDITIS AND PERICARDITIS
Not long after COVID-19 vaccination began in the gen-
eral population, case reports appeared identifying myo-
carditis and pericarditis as a side effect of vaccination, 
especially after the second dose. Since that time, many 



CO
M

PE
ND

IU
M

 O
N 

CO
VI

D-
19

 A
ND

 
CA

RD
IO

VA
SC

UL
AR

 D
IS

EA
SE

1312  May 12, 2023 Circulation Research. 2023;132:1302–1319. DOI: 10.1161/CIRCRESAHA.123.321878

Fairweather et al COVID-19, Myocarditis, and Pericarditis

large, population-based epidemiology studies have been 
conducted around the world that report myocarditis/peri-
carditis after vaccination (Table S3; reviewed in the study 
by Heidecker et al2). Many COVID-19 vaccines have 
been developed using various platforms and with several 
names for the same vaccine (summarized in Table S4). 
The reported incidence of myocarditis or pericarditis var-
ies widely depending on the vaccine type and how many 
doses were administered, with the highest levels reported 
for the Moderna mRNA vaccine, with an overall incidence 
of ≈10/100 000 and around 50/100 000 in men under 
40 years of age (Table 1).91 All reports agree that the 
greatest risk of developing myocarditis occurs after the 
second vaccine dose in young men aged 12 to 39 years. 
Ages past 50 years had few reports of vaccine-associ-
ated myocarditis, similar to pre- and COVID-19–associ-
ated myocarditis. It is difficult to compare these incidence 
figures to prepandemic cases as previous reports did not 
typically report myocarditis by sex and age (or race).

A comprehensive study of all cases of myocarditis, 
pericarditis, or myopericarditis from vaccines passively 
reported in the United States to the Vaccine Adverse 
Events System from January 1, 1990, to July 20, 2021, 
identified 1841 definitive, probable, or possible cases 
out of 1 048 575 individuals.84 They found that 67.9% of 
myocarditis or pericarditis cases were related to mRNA 
vaccines. Smallpox vaccines were next most common fol-
lowed by other vaccine platforms. Over this time, 80.5% 
of cases of myocarditis were male and 83.5% aged 12 
to 40 years, while 71.2% of pericarditis cases were male 
and 58.7% aged 12 to 40 years. Of the cases, 38.1% 
were reported for ages 12 to 20 and <5% for those 
over 60 years; 60.1% were reported after the second 
dose regardless of the vaccine platform. The study found 
0.38 cases/100 000 individuals for COVID-19 vac-
cines in the United States compared with 1000 to 4000 
cases/100 000 individuals for COVID-19 (Table 1).84 The 
highest number of cases were reported for men under 30 
years of age, but it is important to realize that only around 
50% of individuals in the United States in this age group 
were vaccinated during this time. Additionally, studies in 
the United States using the passive reporting system 
Vaccine Adverse Events System report a lower incidence 
of myocarditis/pericarditis than population-based studies 
from countries with integrated health care systems or a 
requirement for vaccination (Table 1; Table S3).

Myocarditis has been reported as a rare adverse event 
for other vaccines before the COVID-19 pandemic, 
mainly smallpox vaccines.189,190 Studies indicate that the 
highest risk for myocarditis from vaccination are the new 
mRNA vaccines (eg, Moderna and Pfizer), especially for 
Moderna (Table 1; Table S3). The mRNA vaccines against 
COVID-19 contain modified mRNA that encodes the 
viral spike glycoprotein of SARS-CoV-2 encapsulated 
by lipid nanoparticles or EVs (Figure 1). Importantly, the 
mRNA vaccines do not contain live or heat-inactivated 

virus. Other COVID-19 vaccine platforms associated 
with myocarditis/pericarditis include adenovirus-vector 
and attenuated live virus vaccines (Tables S3 and S4).88

Signs and symptoms of COVID-19 vaccine–associ-
ated myocarditis include shortness of breath, chest pain 
or pressure, palpitations, malaise, or fatigue, similar to 
other forms of myocarditis.2 Signs may include elevated 
serum biomarkers including troponins and potentially ele-
vated CRP (especially if pericarditis is present), arrhyth-
mias, and symptoms of heart failure. Electrocardiogram 
changes are typically subtle and nonspecific and may 
include mild diffuse ST-segment changes, PQ-segment 
depressions, nonspecific ST-segment changes, sinus 
tachycardia, and supraventricular or rarely ventricular 
arrhythmias.2 In 1 study from Israel, 81% of patients pre-
sented with chest pain, 2% with palpitations, 6% with dys-
pnea, 9% with fever, and 20% with pericardial effusion.89 
In this study, troponin T was required to be elevated in all 
patients as part of the diagnostic criteria for myocarditis. 
Seventy-nine percent presented with abnormal electro-
cardiogram, while the left ventricular ejection fraction 
was normal in 71% of patients; the majority of patients 
presented with mild to moderate cardiac dysfunction.89 
A study of 40 hospitals located in Washington, Oregon, 
Montana, and California of over 2 million people distin-
guished between patients with myocarditis or pericarditis 
without myocarditis (ie, not perimyocarditis) following the 
COVID-19 vaccination.88 They found that 80% of myo-
carditis cases occurred after the second dose of one of 
the RNA vaccines (Pfizer and Moderna) versus 60% of 
pericarditis cases occurred after a single dose or with 
Ad26.COV2.S (Johnson and Johnson) vaccine, and 75% 
were men. Symptom onset after vaccination was early for 
myocarditis (median, 3–11 days), whereas for pericardi-
tis symptoms, the median was 20 days after vaccination. 
Myocarditis occurred primarily in young men under 40 
years of age, while pericarditis occurred primarily in men 
over 50 years of age. Ninety-five percent of patients who 
developed myocarditis were White compared with 84% of 
pericarditis patients. Ninety-five percent of patients with 
myocarditis were admitted to the hospital for 3 days with 
10% in the intensive care unit compared with only 35% 
of pericarditis patients admitted to the hospital and 3% 
in intensive care. Seventy-five percent of patients with 
myocarditis received NSAIDs versus 49% with pericar-
ditis. Similar percentages of patients received colchicine 
as a therapy. Forty percent of patients with myocarditis 
were treated for heart failure versus 14% with pericar-
ditis.88 Treatment for vaccine-associated myocarditis is 
summarized in a recent European Society of Cardiology 
Consensus Statement.2

Overall, most cases of myocarditis associated with 
vaccines have been reported to be mild and of short dura-
tion. Most patients are hospitalized only to monitor for 
arrhythmias and heart failure, rather than for severe signs 
and symptoms. Cases of vaccine-related myocarditis are 
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similar to cases of lymphocytic myocarditis attributed to 
viral and autoimmune myocarditis, which are also mild, 
with normal left ventricular ejection fraction and a mod-
erately quick recovery. Because most of the vaccine 
cases appear mild, evaluation of the heart using cMRI 
or EMB is typically not conducted. This is likely also true 
for many mild cases of non–vaccine-related myocarditis. 
Most cases of vaccine-induced myocarditis fall into the 
clinically suspected or probable cases diagnostic catego-
ries.75 Several studies included only cases with elevated 
troponins, but as discussed earlier, elevated troponins 
should not be required for a diagnosis of myocarditis as 
they are unreliable biomarkers for myocarditis and may 
select only more severe cases.

MECHANISMS FOR COVID-19 VACCINE–
INDUCED MYOCARDITIS/PERICARDITIS
A number of mechanisms have been hypothesized for 
how vaccines, and mRNA vaccines in particular, could 
cause myocarditis including molecular mimicry between 
the spike protein of SARS-CoV-2 and cardiac myosin, 
cytokine storm from the immune response to the vac-
cine, and bystander activation—all long-standing hypoth-
eses for how viruses could cause myocarditis.2,31,191–193 
mRNA vaccines mount an immune response directed 
against the spike protein of SARS-CoV-2 leading to 
the development of spike protein–specific IgG antibod-
ies that bind ACE2 and prevent binding by the virus to 
ACE2. Modifications to the spike protein are intended 
to reduce the innate immune response by inhibiting pro-
inflammatory cytokines, while at the same time, the lipid 
nanoparticle vehicle/EV for the mRNA acts as an adju-
vant to enhance the immune response.194–196 mRNA vac-
cines have been found to produce symptoms associated 
with myocarditis within 3 to 11 days after the second 
vaccine dose and to produce a mixed infiltrate (macro-
phages and lymphocytes) in EMB (Figure 2), which is the 
typical time course of inflammation based on histology 
from viral and autoimmune myocarditis in patients and 
animal models (eg, lymphocytic, giant cell myocarditis, 
and CVB3 myocarditis).2,126,197 The fact that rare cases of 
myocarditis and pericarditis that are reported following 
vaccination with mRNA vaccines predominantly occur 
in the same demographic (men aged 12–30 years) 
with a similar cardiac immune infiltrate as pre-COVID 
and COVID myocarditis suggests a similar pathogenic 
mechanism (Figure 1). Especially because myocarditis is 
always rare, no matter the cause. Most evidence from 
translational animal models indicates that a microbial 
infection or antigen stimulation of TLRs is needed in the 
context of damaged heart protein to cause myocarditis, 
and so common and ubiquitous infections such as cox-
sackievirus, influenza, and SARS-CoV-2 are not likely to 
cause myocarditis on their own, otherwise the incidence 

of myocarditis would be far, far higher. Animal models 
suggest that autoimmunity is important.

A recent study provides a glimpse at a possible mech-
anism for vaccine-associated myocarditis. Thurner et al12 
found that patients with biopsy-confirmed myocarditis 
following COVID-19 vaccination had elevated levels of 
antibodies directed against IL-1RA, which is part of the 
TLR4/IL-1R signaling family. They found that patients 
with elevated IL-1RA antibodies had higher levels of 
cardiac inflammation, CRP, and troponin.12 As described 
earlier, the TLR4/IL-1R signaling pathway that produces 
IL-1β is upregulated on mast cells and macrophages in 
males and is key in initiating myocarditis/pericarditis in 
animal models. Since ACE2/TMPRSS2/NRP1 recep-
tors are found on mast cells, they may be directly acti-
vated at the site of vaccination and possibly at distant 
sites, such as the heart, at the time of vaccination. We 
see this occur in the autoimmune CVB3 model.160 Addi-
tionally, mast cells drive Th2-type immune responses that 
increase Th2 responses, antibody levels, and autoanti-
body levels, which are important in the development of 
autoimmune myocarditis. All autoimmune animal models 
require 2 signals: one from self and another from an adju-
vant. Possibly both the mRNA against the SARS-CoV-2 
spike protein and the lipid nanoparticle vehicle could pro-
vide the adjuvant effect needed to promote myocarditis 
following vaccination with an mRNA vaccine.35,51,198

CONCLUSIONS, GAPS, AND FUTURE 
DIRECTIONS
Myocarditis and pericarditis associated with COVID-19 
in the United States increased around 15× compared 
with pre-COVID levels. In adults, myocarditis/pericarditis 
occurs predominantly in men under the age of 50 years 
regardless of the cause, with sudden cardiac death from 
myocarditis occurring predominantly in young men under 
30 years of age. This demographic is also reported for 
myocarditis and pericarditis associated with COVID-19 
and COVID-19 vaccination, providing insight into how live 
viruses or virus antigens may cause myocarditis. Animal 
models of viral and autoimmune myocarditis have provided 
valuable translational information about the pathogenesis 
of myocarditis and suggest that pathogens/adjuvants (ie, 
virus, bacteria, parasite, and vaccine) can serve as an adju-
vant trigger in the context of an autoimmune response. 
Thus, a reason why myocarditis could be so rare, regard-
less of cause, is because it is an autoimmune disease with 
susceptibility determined by sex, race/ethnicity, presence 
of mast cells (their presence determines genetic predispo-
sition to lymphocytic myocarditis that progresses to DCM 
in animal models), pathogen antigen (activating TLRs), 
and damaged heart tissue, which must be presented to 
APC at the same time in order to develop autoimmune 
disease (Figure 1). Data from autoimmune animal models 
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also indicate that low levels of viral replication in the heart 
may be sufficient to induce autoimmune disease if other 
susceptibility factors are present.

Several gaps exist that need further investigation. 
Because myocarditis occurs primarily in young men 
under the age of 50 years regardless of cause, data on 
myocarditis including autopsy studies should be reported 
according to sex, age, and race (myocarditis in the United 
States primarily occurs in White people). Currently, there 
is no standard method of reporting cases and inci-
dence. Additionally, researchers should indicate whether 
necrosis was present histologically for autopsy studies 
and EMBs and not exclude samples if it is absent. The 
selection of potential myocarditis patients for research 
studies should not be restricted to those with elevated 
troponins as this biomarker is an unreliable indicator of 
myocarditis, especially for milder cases. The presence of 
SARS-CoV-2 in EVs of patients with COVID-19 sug-
gests that mRNA vaccine platforms that resemble EVs 
could activate the immune response similar to natural 
EVs containing virus leading to myocarditis/pericarditis. 
Future investigation should explore the mechanism for 
how an immune response that is activated by EVs con-
taining mRNA could be directed to the heart.
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