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Background: Limited information exists to guide shared clinical 
decision making on COVID-19 vaccination in persons with a 
prior history of vaccine-associated myocarditis, pericarditis, 
or myopericarditis (VAMP). The objective of this retrospective 
observational case series was to characterize cardiac outcomes 
within 30 days following receipt of 1 or more COVID-19 
vaccinations during 2021 in US service members diagnosed with 
prior non-COVID-19 VAMP between 1998 and 2019.
Methods: As part of the collaborative public health mission with 
the Centers for Disease Control and Prevention for enhanced 
vaccine adverse events surveillance, the Defense Health Agency 
Immunization Healthcare Division maintains a clinical database 
of service members and beneficiaries referred for suspected 
adverse events following immunizations. Cases in this database 
recorded between January 1, 2003, and February 28, 2022, 
were reviewed to identify individuals with prior VAMP who 
received a COVID-19 vaccine in 2021 and developed signs 
or symptoms suggestive of VAMP within 30 days following  
COVID-19 vaccination.
Results: Before the COVID-19 pandemic, 431 service members 
had verified VAMP. Among these 431 patients, 179 had records 
that confirmed receipt of a COVID-19 vaccine in 2021. Of these 

179 patients, 171 (95.5%) were male. Their median age was 
39 years (range, 21-67) at the time of COVID-19 vaccination. 
Most (n = 172; 96.1%) experienced their original VAMP episode 
after receipt of the live replicating smallpox vaccine. Eleven 
patients experienced cardiac-suggestive symptoms (chest pain, 
palpitations, or dyspnea) within 30 days of COVID-19 vaccination. 
Four patients met the criteria for recurrent VAMP. Three men aged 
49, 50, and 55 years developed myocarditis within 3 days of 
an mRNA COVID-19 vaccine. One 25-year-old man developed 
pericarditis within 4 days of receiving an mRNA vaccine. All  
4 COVID-19 recurrent VAMP cases fully recovered with minimal 
supportive care within weeks (myocarditis) to months (pericarditis).
Conclusions: As demonstrated by this case series, albeit rare, 
VAMP may reoccur after COVID-19 vaccination among patients 
who experienced cardiac injury after smallpox vaccination. The 
clinical characteristics and course of the 4 recurring cases were 
mild, appearing similar to the post-COVID-19 VAMP described 
in individuals without a history of VAMP. More research is 
warranted on factors that may predispose patients to vaccine-
associated cardiac injury and which vaccine platforms or 
schedules may reduce the risk of recurrence among patients 
who have experienced these events.
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Vaccinations have substantially reduced 
morbidity and mortality from many 
infectious diseases. Despite the clear 

value of vaccinations in public health, ef-
forts to better understand adverse events 
(AEs) following immunization are impor-
tant to sustain public trust and vaccine con-
fidence. Noninfectious inflammation of the 
heart may manifest as myocarditis or peri-
carditis, or occasionally, with shared signs 
and symptoms of each, as myopericarditis. 
This is a rare AE following some immuniza-
tions. Vaccine-associated myocarditis, peri-
carditis, or myopericarditis (VAMP) has been 
most clearly associated with smallpox vac-
cines and mRNA COVID-19 vaccines.1-6 Al-
though extremely rare, VAMP also has been 
associated with other vaccines.7,8 Limited 
information exists to guide shared clinical 
decision making on COVID-19 vaccination 
in persons with a history of VAMP. It is un-
known whether individuals with a history 
of VAMP are at higher risk for developing 

a recurrence or experiencing a more severe 
outcome following COVID-19 vaccination.

METHODS
As part of the collaborative public health 
mission with the Centers for Disease Con-
trol and Prevention (CDC) for enhanced 
vaccine AE surveillance, the Defense 
Health Agency Immunization Healthcare 
Division (IHD) maintains a clinical data-
base of service members and beneficiaries 
referred for suspected AEs following im-
munizations. A review of all AEs follow-
ing immunization cases in this database 
from January 1, 2003, through February 
28, 2022, identified individuals meeting 
the following criteria: (a) VAMP prior to 
receipt of COVID-19 vaccine; (b) receipt of 
COVID-19 vaccine in 2021; and (c) medi-
cal documentation in available electronic 
health records sufficient to describe health 
status at least 30 days following COVID-19 
vaccination.9 If medical entries suggested 
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cardiac symptoms following a COVID-19 
vaccine, additional information was sought 
to verify VAMP based on current published 
criteria.10,11 Both the initial VAMP cases 
and the suspected COVID-19 VAMP cases 
were adjudicated by a team of vaccine ex-
perts and specialists in immunology, cardi-
ology, and preventive medicine.

This retrospective review was approved 
and conducted in accordance with the 
Walter Reed National Military Medical 
Center Institutional Review Board proto-
col #20664. All individuals with recurrent 
VAMP consented to share their health re-
cords and clinical details.

RESULTS
Among 9260 cases in the IHD database,  
431 met the case definition for VAMP. Within 
this cohort, 179 individuals had records avail-
able that confirmed receipt of a COVID-19  
vaccine in 2021 and described their health 
status for at least 30 days after vaccination 
(Figure). Vaccines associated with the ini-
tial VAMP episode included 172 smallpox  
(64 Dryvax and 108 ACAM2000), 3 influenza, 

1 Tdap, 1 anthrax, and 2 multiple vaccines. 
Subsequent COVID-19 vaccines received in-
cluded 95 Pfizer-BioNTech, 71 Moderna, and 
13 Janssen. Thirty-six patients also received 
mRNA vaccine boosters.

Among the 179 patients included in 
this analysis, 171 (96%) were male. Their 
median age was 39 years at the time of 
COVID-19 vaccination. The Table de-
scribes the cohort’s history of VAMP and 
subsequent experience with COVID-19 
vaccination. Prior VAMP presentations in-
cluded 99 cases of myocarditis, 39 cases of 
pericarditis, and 41 cases showing mixed 
features of myocarditis and pericarditis 
(myopericarditis).

Within 1 month of receipt of any 
COVID-19 vaccine, 11 individuals had 
documented symptoms suggesting cardiac 
involvement, specifically, chest pain, pal-
pitations, or dyspnea. After cardiac evalu-
ation, 4 patients met the criteria for VAMP 
after COVID-19 vaccination.10,11 Seven pa-
tients either did not meet the criteria for 
VAMP or had alternative causes for their 
symptoms.

TABLE Patients With History of VAMP Who Received COVID-19 Vaccination
  Recurrent VAMP

Characteristics
Total  

(N = 179) 
Myocarditis 

(n = 3)
Pericarditis  

(n = 1)
No recurrent VAMP  

(n = 175)

Sex, No.
  Male
  Female

171
8

3
0

1
0

167
8

Median age (range), ya 39 (21-67) 50 (49-55) 25 (25) 38 (21-67)

Initial VAMP vaccine, No.
  Smallpox (Dryvax)
  Smallpox (ACAM2000)
  Other vaccines

64
108
7

2
1
0

0
1
0

62
106

7

Initial VAMP diagnosis, No. 
  Myocarditis
  Myopericarditis
  Pericarditis

99
41
39

3
0
0

0
1
0

96
40
39

Initial VAMP symptoms, No.
  Resolved
  Persistent

168
11

3
0

1
0

164
11

COVID-19 vaccine, No.
  Pfizer-BioNTech
  Moderna
  Janssen
  Booster mRNA dose

95
71
13
36

0
2
0
1

1
0
0
0

94
69
13
35

Abbreviation: VAMP, vaccine-associated myocarditis, pericarditis, or myopericarditis.
aAge at time of COVID-19 vaccination.
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Two men aged 49 and 50 years with a 
history of vaccine-associated myocarditis 
following smallpox vaccination (Dryvax 
and ACAM2000) developed myocarditis 
3 days after their second dose of the Mod-
erna vaccine. One of these patients received 
a Pfizer-BioNTech booster 10 months 
later with no recurrence of symptoms. A 
55-year-old man with a history of vaccine-
associated myocarditis following Dryvax 
vaccination developed myocarditis 2 days 
after his Pfizer-BioNTech booster. None of 
the patients who developed post-COVID-19 
VAMP reported residual symptoms from 
their initial VAMP episode, which occurred 
12 to 18 years earlier. All were hospitalized 
briefly for observation and had complete 
symptom resolution within 6 weeks.

A 25-year-old man developed pericardi-
tis 4 days after his second Pfizer-BioNTech 
vaccination. His previous ACAM2000 
vaccine-associated myocarditis occurred  
3 years earlier, with no residual symp-
toms. Of note, he had a mild COVID-19 
infection 78 days before the onset of his 
pericarditis. After the onset of his COVID-
19 vaccine-associated pericarditis, he con-
tinued to experience transient bouts of 

chest pressure and exertional dyspnea that 
resolved within 7 months of onset. 

The median interval between COVID-
19 vaccine doses in those who developed 
post-COVID-19 VAMP was within the rec-
ommended mRNA vaccine dosing intervals 
of 3 to 4 weeks and was consistent with 
the median mRNA vaccine dosing intervals 
among the entire cohort.

Due to the small cohort size and 
other limitations of this study, the sug-
gested rate of cardiac injury in this review  
(4 cases in 179 persons, or 2.2%) is an im-
precise estimate of risk in a small popula-
tion (95% CI, 0.1%-4.4%). While this rate 
may seem higher than expected within 
the general population after COVID-19  
vaccination, it is lower than the estimated 
lifetime risk of recurrent myocarditis from 
any cause.6,12

DISCUSSION
To our knowledge, this is the first re-
port describing cardiac outcomes after 
COVID-19 vaccination among a cohort of in-
dividuals with prior history of VAMP. Four 
cases of COVID-19 VAMP were identified 
among 179 patients with previous VAMP. All 

FIGURE Inclusion Criteria

 

Abbreviation: VAMP, vaccine-associated myocarditis, pericarditis, or myopericarditis.

8829 Excluded for noncardiac 
adverse events

252 Excluded for unknown 
COVID-19 vaccination status or 
insufficient follow-up data

168 Had no symptoms suggesting 
cardiac injury within 30 days of 
any COVID-19 vaccination

7 Had no evidence of new  
cardiac injury or had other 
identifiable symptom cause

4 Diagnosed with VAMP
   3 Myocarditis
   1 Pericarditis

9260 Patients referred for suspected  
adverse events following immunization

431 Patients with VAMP prior to  
COVID-19 vaccination

179 Patients with documented COVID-19 
vaccination with 30-day follow-up period

11 Had symptoms concerning for 
cardiac injury within 30 days of 
any COVID-19 vaccination
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cases had experienced VAMP after the small-
pox vaccine several years earlier, with com-
plete resolution of symptoms. Three cases 
presented with recurrent VAMP after their 
second dose of an mRNA COVID-19 vaccine, 
and one after an mRNA booster dose. All fully 
recovered over the course of several months.

Myocarditis is a heterogeneous inflam-
matory injury with diverse, sometimes 
idiopathic, etiologies.13 In contrast to infec-
tion-related cardiac injury, prior reports of 
vaccine-associated myocarditis have sug-
gested a hypersensitivity reaction charac-
terized by patchy eosinophilic infiltrates, a 
benign clinical course, and good prognosis.2,3

There are several common features be-
tween VAMP after smallpox and COVID-
19 vaccination. Cases occur predominantly 
in young men. The onset of symptoms after 
smallpox vaccine (mean, 10 days) and after 
mRNA COVID-19 vaccine (mean, 3 days) 
appears to correspond to the timing of peak 
postvaccination pro-inflammatory cytokine 
elevation.14 While all VAMP cases are seri-
ous events, the majority of patients appear 
to have a relatively benign clinical course 
with rapid and full recovery.13

Patients who have experienced an inflam-
matory cardiac injury may be at higher risk 
for recurrence, but quantifying risk of this 
rare phenomenon is challenging. Cases of 
VAMP after the COVID-19 vaccine have oc-
casionally been reported in patients with 
previous cardiac injury unrelated to vaccina-
tion.15-17 The cases presented here represent 
the first report of recurrent VAMP following 
prior non-COVID-19 vaccinations.

Most patients with prior VAMP in this 
cohort did not experience cardiac-sugges-
tive symptoms following COVID-19 vacci-
nation. Among 11 patients who developed 
symptoms, 3 had confirmed myocarditis 
and 1 had confirmed pericarditis. The clin-
ical course for these patients with recurrent 
VAMP was observed to be no different in 
severity or duration from those who expe-
rience new-onset VAMP.4 All other patients 
not meeting criteria for VAMP or having al-
ternative explanations for their symptoms 
also had a benign clinical course. None-
theless, of the study cohort of 179, recur-
rent VAMP was diagnosed in 4 of the 11 
who developed cardiac-suggestive symp-
toms following COVID-19 vaccination. The 

importance of cardiac evaluation should be 
emphasized for any patient presenting with 
chest pain, dyspnea, or other cardiac-sug-
gestive symptoms following vaccination.

Strengths and Limitations
The strength of this review of VAMP recur-
rence associated with COVID-19 vaccination 
derives from our large and unique longi-
tudinal database of VAMP among current 
and prior service members. Additionally, the 
IHD’s ongoing enhanced vaccine AEs sur-
veillance provides the opportunity to contact 
patients and review their electronic health 
records over an extended interval of time. 

When interpreting this report’s implica-
tions, limitations inherent to any retrospec-
tive case review should be considered. The 
cohort of cases of prior VAMP included  
primarily healthy, fit, young service mem-
bers; this population is not representative of 
the general population. The cohort included 
prior VAMP cases that generally occurred 
after smallpox vaccination. Experiences after 
smallpox vaccine may not apply to cardiac 
injury from other vaccines or etiologies. By 
the nature of this review, the population stud-
ied at the time of COVID-19 vaccination was 
somewhat older than those most likely to de-
velop an initial bout of VAMP.2 This review 
was limited by information available in the 
electronic health records of a small number 
of patients. Subclinical cases of VAMP and 
cases without adequate clinical evaluation 
also could not be included.

CONCLUSIONS
Noninfectious inflammation of the heart 
(myocarditis, pericarditis, or myopericardi-
tis) is a rare AE following certain vaccines, 
especially live replicating smallpox vaccine 
and mRNA COVID-19 vaccines. In this ob-
servational analysis, the majority of patients 
with previous VAMP successfully received 
a COVID-19 vaccine without recurrence. 
The 4 patients who were identified with re-
current VAMP following COVID-19 vacci-
nation all recovered with supportive care. 
While the CDC endorses that individuals 
with a history of infectious myocarditis may 
receive COVID-19 vaccine after symptoms 
have resolved, there is currently insufficient 
safety data regarding COVID-19 vaccination 
of those with prior non-COVID-19 VAMP 
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or following subsequent COVID-19 vac-
cination in those with prior VAMP related 
to COVID-19.10 For these individuals, 
COVID-19 vaccination is a precaution.10 Al-
though insufficient to determine a precise 
level of risk, this report does provide data 
on which to base the CDC-recommended 
shared decision-making counseling of these 
patients. More research is needed to better 
define factors that increase risk for, or pro-
tection from, immune-mediated AEs fol-
lowing immunization, including VAMP. 
While benefits of vaccination have clearly 
outweighed risks during the COVID-19 
pandemic, such research may optimize fu-
ture vaccine recommendations.18 
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