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Statement of Significance: The BNT162b2 mRNA COVID-19 vaccine against the COVID-19
virus is clinically proven to be effective and safe with a high-efficiency rate. Minor adverse
events (AE) such as fatigue and nausea have been reported. However, as more individuals get
the vaccine, rarer adverse events have emerged. This is a case series on three adolescent males
diagnosed with myocarditis or myopericarditis shortly after receiving the second dose of the
BNT162b2 mRNA vaccine. Acute COVID-19 was ruled out in all three cases based on (-) severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and real-time reverse transcription
polymerase chain reaction (RT-PCR) tests of specimens obtained using nasopharyngeal swabs.
The otherwise healthy patients presented with acute chest discomfort two to three days after
receiving their second vaccine dose. All three patients were afebrile with electrocardiogram
(ECG) abnormalities, elevated C reactive protein levels ranging from 4.06-6.10 mg/dL, and
elevated troponin I levels ranging from 0.26–7.61 ng/dL. Suspected cases of myocarditis and
pericarditis should be reported to the Vaccine Adverse Event Reporting System (VAERS).
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Introduction

The COVID-19 pandemic brought about
unprecedented challenges to global
health and the world economy. As

of December 2021, the virus had infected
over 280 million people and claimed over 5.4
million lives worldwide.1In response to this global
health crisis, the World Health Organization
(WHO) declared a Public Health Emergency of
International Concern on January 31st 2020.2 The
Food and Drug Administration (FDA) granted
Emergency Use Authorization (EUA) for the
Pfizer BioNTech mRNA (BNT162b2) and
Moderna (mRNA-1273) COVID-19 vaccines
in December 2020 to address rising COVID-
19 infections across the United States.3 The
authorization was based on clinical trials that

showed the vaccines to be effective and as safe as
other vaccines currently on the market.4 COVID-
19 transmission was confirmed to have originated
from bats but may have been transmitted to
humans via other intermediary species likely
supplied by the local seafood market in Wuhan,
China.4

The development of the Pfizer COVID-19
vaccine was made possible by the advances in
vaccine technology. Unlike traditional vaccines,
which use weakened or inactivated forms of the
virus to trigger an immune response, this approach
involved delivering viral mRNA into the host cell
resulting in the production of a viral spike protein.
The mRNA is encapsulated in a lipid nanoparticle
that protects it from degradation and facilitates
its delivery into cells.5 The immune system then
recognizes this protein as foreign and mounts an
immune response.

The vaccine was shown to be highly effective in

48

https://doi.org/10.47265/cjim.v3i1.5055
mailto:{martin_arhin@med.unc.edu} 


Effects of COVID-19 vaccine in adolescents Clinical Encounters Medical Education

preventing infection and severe disease caused by
the virus. Clinical trials showed that the vaccine
was over 94% effective in preventing symptomatic
infection and 90% effective in preventing severe
disease and hospitalization.6

While the COVID-19 mRNA vaccines such as
Pfizer and Moderna had proven to be highly
effective in preventing COVID-19 infection,
some adverse events were reported on the
(VAERS); they included fever, fatigue, soreness,
joint pain, chills, nausea, and vomiting. In addition
to these events, cases of myocarditis and peri-
carditis were reported on VAERS.7 Additionally,
myopericarditis has been reported as a rare side
effect. Myopericarditis is a condition that involved
inflammation of the heart muscle (myocarditis)
and the outer lining of the heart (pericarditis). It
can be caused by various factors, including viral
infections including COVID-19, autoimmune
disorders, and certain medications.
The Centers for Disease Control and Prevention
(CDC) and the Food and Drug Administration
(FDA) had been monitoring Pfizer and Moderna
vaccine-related myopericarditis closely and had
found that the risk of myopericarditis following
vaccination was highest in males under the age
of 30, with most cases occurring after the second
dose of the vaccine.8 While the exact cause of the
association between the Pfizer-BioNTech vaccine
and myopericarditis was not yet fully understood,
it was believed to be related to an immune
response triggered by the vaccine.
It’s important to note that while myopericarditis is
a serious condition, the overall risk of developing
it after receiving the Pfizer-BioNTech orModerna
vaccine is low.7 According to data from the CDC,
the rate of myocarditis following vaccination was
estimated to be around 12.6 cases per second-
dose mRNA vaccine in individuals 12–39 years
of age.4 The risk of myocarditis among females
was even lower, at 9.1 cases per million doses for
ages 12–17 and 5.5 cases per million doses for
ages 18–24.4 The reason for male predominance
in myopericarditis was not well known. Proposed
explanations suggest sex hormone differences

in immune response and the underdiagnosis of
cardiac illness in women.4 The CDC and FDA
recommend vaccination against COVID-19 for
all individuals aged 6 months and older, as the
benefits of vaccination in preventing COVID-19
infection and severe disease far outweigh the risk
of rare side effects such as myopericarditis.4

This case series is a summary of the clinical course
and evaluation of three adolescent males present-
ing with myocarditis or myopericarditis within
two to four days after the administration of the
second dose of the Pfizer vaccine. These patients
were among the first to be admitted to our hospital
with COVID-19 vaccine-related myopericarditis.
The COVID-19 status of the patients was assessed
by reverse transcription-polymerase chain reaction
(RT-PCR) of nasopharyngeal swabs. Laboratory
tests for all patients included a routine complete
blood count, basic metabolic panel, troponin,
PCR testing, and serological determination of
antibodies against causative agents of myocarditis
and pericarditis.

Case Presentation
Three patients with no significant medical history
were admitted to a tertiary hospital in North
Carolina in 2021 due to chest pain/discomfort
(Table 1). They all presented within two to
four days after receiving the Pfizer-BioNTech
vaccine and had an abnormal electrocardiogram
(ECG) (Figures 1-3), elevated C-reactive protein
(CRP) levels (range of 4.06–6.10 mg/dL; normal:
<5.0 mg/dL), and elevated troponin I levels
(0.26–7.61 ng/dL; normal <0.03 ng/dL) (Table
1). Brain natriuretic peptide levels were tested
in two patients and were within normal limits
(normal <100 pg/mL). All patients had a normal
echocardiogram, except for a residual patent
foramen ovale in one patient. All three patients
were closely monitored by the cardiology team
and have remained asymptomatic since discharge
from the hospital. They had normal ECGs,
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Table 1. Clinical and diagnostic summary of the cases.

Patient
No.

Age Peak
CRP

Peak
Troponin-
I

Peak
BNP

Serol-
ogy

RT-
PCR

RT-
PCR2

ECG

1 16 N H N (-) N/A N/A Nonspecific ST and T wave abnormality and minimal
ST elevation in the inferior leads V5 and V6

2 17 H H N/A (-) (-) N/A Nonspecific ST and T wave abnormality

3 14 H H N (-) (-) (-) T wave inversion in lateral leads and ST-segment
elevation in V2-V6

*H, high, N, normal, (-), negative
Serum C-reactive protein (CRP) level (normal range (0.0–5.0 mg/L); serum troponin I level (normal range 0.0–0.03 ng/dL.
Brain natriuretic peptide (BNP) level (normal <100 pg/mL)
Serology: Epstein-Barr virus (EBV), cytomegalovirus (CMV), hepatitis B virus (HBV), parvovirus B19 RT-PCR: SARS
CoV-2, respiratory syncytial virus (RSV), influenza A virus, influenza B virus, Roseola (HHV-6) RT-PCR2: Adenovirus,
parainfluenza, rhinovirus, enterovirus, human metapneumovirus, Bordetella pertussis, Mycoplasma pneumoniae, Chlamydia
pneumoniae.

echocardiograms, ambulatory Holter monitoring,
and cardiac exercise stress tests during subsequent
follow-up appointments. Additionally, patients
2 and 3 underwent normal cardiac magnetic
resonance imaging (MRI).

Patient 1 - Myopericarditis

A 16-year-old male with no significant medical
history was transferred to a tertiary hospital for
the management of acute substernal chest pain
that radiated down both arms. It was alleviated
by leaning forward and worsened when supine.
He had received his second dose of the Pfizer-
BioNTech vaccine one to three days before
presentation. At the outside hospital, he had an
elevated troponin of 0.5 ng/dL. On presentation,
he was afebrile, with normal vital signs. He denied
any preceding illnesses, recent fevers, abdominal
pain, and cough. His physical examination was
normal without signs of a pericardial friction
rub. His ECG was significant for nonspecific
ST elevations and T-wave abnormalities (Figure
1). Laboratory studies demonstrated evidence
of myocardial injury and elevated inflammatory
markers. The echocardiogram showed normal
cardiac function and no evidence of coronary
artery abnormality or pericardial effusion. Based

on clinical presentation and lab findings, the
patient was diagnosed with myopericarditis. The
patient’s chest discomfort resolved after three days,
and he was discharged on 0.6 mg of colchicine
twice a day.

Patient 2 - Myopericarditis

A 17-year-old male with a medical history of
patent foramen ovale and mild pectus excavatum
presented with retrosternal chest pain 36 hours
after his second dose of the Pfizer-BioNTech
vaccine. The pain was worsened with deep
inspiration; the remainder of the physical exam
was normal. He was febrile with a temperature
of 100.6 F; other vital signs were normal.
His ECG showed a right bundle branch block
during his hospital course. This finding may
have been present at baseline. His laboratory
studies demonstrated evidence of myocardial
injury and elevated inflammatory markers. His
echocardiogram was normal except for a residual
patent foramen ovale with a left-to-right flow.
Based on clinical presentation and lab findings, the
patient was diagnosed with myopericarditis. He
was monitored in the hospital for a total of four
days and then discharged on a course of ibuprofen
and colchicine.
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Figure 1. ECG showed nonspecific ST and T wave abnormality and minimal ST elevation in the anterior leads V2, V3, and inferior
leads V5 and V6. Black boxes outline ST elevations.

Figure 2. ECG showed nonspecific ST and T wave abnormality and minimal ST elevation in the anterior leads V2, V3, and inferior
leads V5 and V6. Black boxes outline ST elevations.

Figure 3. ECG showed ST-segment elevation in the anterolateral leads (v2-v6) and T wave inversion in lateral leads. Black boxes outline
ST elevations. Arrows point to T-wave inversions.
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Patient 3 - Myopericarditis

A 14-year-old male with no significant medical
history presents to the hospital with a fever, a
mild cough, and left precordial and midsternal
chest pain. He had received his second dose of
the Pfizer-BioNTech vaccine two days before
presentation. Of note, the patient did have
upper respiratory infection symptoms consisting
of nasal congestion and a mild cough 2 weeks
prior. Multiple members of his sports team
experienced similar symptoms. On presentation,
he was afebrile; other vital signs were normal.
Physical exam and Chest-X-ray were normal. His
ECG showed T wave inversion in lateral leads
and ST-segment elevation (Figure 3). His chest
discomfort resolved without any pharmacological
interventions. Based on clinical presentation, the
patient was diagnosed with myopericarditis. His
symptoms resolved three days after admission, and
he was discharged without any medications.

Discussion
Three cases of clinically suspected myopericarditis
in otherwise healthy male patients after receiving
the BNT162b2 mRNA COVID-19 vaccine were
identified. A wide range of differential diagnoses
for these cases was considered. The findings
discussed in this report are adverse cardiovascular
events that were not previously reported in
clinical trials. Acute myocarditis and pericarditis
have been reported to be one of the symptoms
of the COVID-19 infection, but myocarditis is
increasingly identified as a late manifestation seen
in up to 46% to 78% of recovering COVID-19
patients.9

The diagnosis of myopericarditis is usually based
on symptoms (chest pain, shortness of breath),
ECG findings, physical examinations, and elevated
cardiac biomarkers (troponin, BNP, CRP). Acute
pericarditis may be associated with myocarditis
due to their overlapping etiologies.10 Additionally,
clinical signs of pericarditis include a pericardial

friction rub (due to friction between the 2
inflamed pericardial layers) which none of these
patients had. Two patients had chest pain more
specific to pericarditis (chest pain that worsened
with inspiration and improved when leaning
forward.10 The most prevalent electrocardiogram
(ECG) anomaly in myocarditis is sinus tachycardia
with nonspecific ST/T-wave alterations. Diffuse
T-wave inversions and PR-segment depression
with pericarditis tend to favor a diagnosis of
myopericarditis.10 Myopericarditis can be associ-
ated with an underlying inflammatory disorder or
infection. Two patients had elevated CRP and all
three had elevated troponin which is suggestive
of an underlying inflammatory response. Recent
or current infection was ruled out clinically in
two patients by past medical history and/or RT-
PCT and serology suggesting the vaccine as the
cause. One patient had symptoms of an upper
respiratory illness, but serology and RT-PCR was
(-) for common culprits. ECG findings (Figures 1-
3) and clinical evaluation led to the diagnosis of
myopericarditis in the three cases.
The pathophysiology of myocarditis and pericardi-
tis due to the COVID-19 virus is believed to
be due to direct myocyte injury from the virus
upon binding to the ACE-2 protein receptor on
cardiomyocytes, immune activation, and cytokine
storm.11 Since it takes a few days to develop
protection from the COVID-19 virus after vaccine
administration, an infection can still occur. How-
ever, the COVID-19 virus was ruled out with RT-
PCRs as a causative agent in our three patients.
Myopericarditis is typically an uncommon mani-
festation of immunization.12, 13 Exceptions include
myocarditis which was reported following the
smallpox vaccine in adults. Among the 540,834
U.S. military personnel vaccinated against small-
pox, 67 cases of myocarditis or pericarditis were
reported.12, 13

The cause of myocarditis and/or pericarditis
following COVID-19 vaccination is still unclear,
but various mechanisms have been suggested.
Molecular mimicry between the SARS-CoV-2
spike protein and self-antigens and activation of
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dysregulated immune pathways in some individ-
uals has been suggested immune response to
mRNA has been suggested.4

A case report found that levels of neutralizing
antibodies were not significantly different in
the patient with myocarditis than in vaccinated
individuals without myocarditis, suggesting against
a hyperimmune response. The patient did have
elevated levels of certain cytokines and autoanti-
bodies against self-antigens, and a 2-fold increase
in natural killer (NK) cells, but it is not clear
if these reflect a pathological immune response
or reactive adaptive responses to myocardial
inflammation.4 Molecular mimicry between the
spike protein of SARS-CoV-2 and self-antigens
is another potential mechanism for myocarditis,
but severe adverse events or autoimmune reactions
have been rare.4

Another proposed mechanism for myocarditis is
antibody-dependent enhancement (ADE). ADE
was first seen with respiratory syncytial virus
and measles vaccines in the 1960s.14 It is due
to the failure of non-neutralizing antibodies
generated from a past infection of vaccination to
appropriately fight the virus upon preexposure.
This allows the virus to replicate resulting in an
overactive immune response. However, studies
have not shown evidence of either cellular
immune enhancement or antibody-dependent
enhancement of immunity in non-human pri-
mates after the SARS-CoV-2 virus challenge,
either after vaccination or previous infection, and
vaccine breakthrough COVID-19 cases are rare
and mild.15Currently, there is little evidence of
acute COVID-19 infection with myocarditis cases
after COVID-19 vaccination, arguing against a
breakthrough infection as a cause.4 Reports to
date also do not suggest a delayed hypersensitivity
reaction, such as serum sickness–like reaction or
eosinophilic myocarditis as a cause for myocarditis
after mRNA COVID-19 vaccination.

Adverse events after the second dose of the
Covid-19 vaccine were reported more often in
adolescents aged 12-17 and young adults aged

18-24.4 The median onset was 1-2 days. The
population and onset of the adverse effects fit with
this study’s demographics. Though the clinical
course was mild, with one patient requiring no
treatment, pericarditis, and myocarditis may have
a more severe clinical course in unhealthy patients
and can result in long-term management. As
a result, ongoing monitoring and research are
needed to determine the cause of myocarditis and
pericarditis and the potential long-term effects of
COVID-19 vaccination.

Conclusions
We report one of the first case series of patients
with myocarditis and pericarditis after receiving
the Pfizer mRNA-based COVID-19 vaccines.
While the COVID-19 vaccines have proven to
be highly effective in preventing severe illness and
death from the virus, there have been rare cases
of myocarditis and pericarditis reported as adverse
events, particularly in young males after the second
dose of mRNA vaccines. The temporal association
of vaccination and lack of other identified causes
in our three cases suggested that the vaccine is
a possible causative agent of these rare adverse
events. The exact mechanism for these AEs is
still being investigated, but there is evidence to
suggest that they may be related to an immune
response triggered by the vaccines. A registry
myopericarditis registry related to COVID-19
vaccination composed of patient characteristics,
symptoms, and tests such as troponin levels, ECG,
echocardiography, and cardiac MRI would greatly
help with understanding.
All three cases fully recovered and have had
no concerns with cardiology follow-up. It is
important to note, however, that the risks of
COVID-19 infection far outweigh the risks of
vaccination, and the benefits of vaccination in
reducing the spread of the virus and protecting
individuals from severe illness and death are
evident.
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