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for COVID-19
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Abstract
Clinical trials of the messenger ribonucleic acid (mRNA)-1273 vaccine developed by Moderna proved excellent safety and efficacy for
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) prevention. However, the Centers for Disease Control and Prevention
(CDC) has been investigating cases of myocarditis and pericarditis reported in the Vaccine Adverse Event Reporting System (VAERS) database. Currently, the CDC is reporting rates of 40.6 cases per million
after second doses of mRNA vaccines administered to males 30 years
or younger. Notably, the initial vaccine trials consisted of a limited
number of adolescents and young adults; therefore, they were likely
not powered to detect this rare potential side effect. We present a case
of transient myopericarditis occurring in a young and healthy patient
within 48 h of his second vaccination dose. Although a definitive
causal relationship has yet to be determined, we came to this correlation because of the temporal association seen in our patient, secondary to the second dose of vaccination. Furthermore, we also suspect
an autoimmune mechanism as the cause of cardiac injury, augmented
by the increased vaccine reactogenicity seen in younger patients.
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Introduction
The World Health Organization declared the novel virus, severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), as a
global pandemic on March 11, 2020 [1], after its emergence in
Wuhan, China, in December 2019 [2]. The clinical manifestation
of this highly transmissible ribonucleic acid (RNA) virus is coronavirus disease 2019 (COVID-19), presenting with a wide range
of respiratory symptoms [3]. Moreover, cardiovascular manifestations of COVID-19 have also been identified, such as acute
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coronary syndromes, myocardial injury, thromboembolic phenomenon, and arrhythmias. These are related to direct viral infection and indirect injury resulting from exuberant cytokinemia,
endothelial inflammation, and microvascular thrombosis [4].
The binding of the SARS-CoV-2 spike protein to the cellular receptor, angiotensin-converting enzyme 2 (ACE2), mediates
cellular entry [3, 5]. Therefore, antibodies that could bind to the
spike protein, particularly at the ACE2 receptor biding domain,
could neutralize the virus by preventing its attachment to the host
cell [6]. This concept was the foundation for developing vaccines
against SARS-CoV-2. In December 2020, the first two messenger
ribonucleic acid (mRNA)-based vaccines received emergency
use approval for distribution in the USA. These were BNT162b2
developed by Pfizer and mRNA-1273 developed by Moderna,
which demonstrated 95% and 94.1% protection against SARSCoV-2, respectively [7-9]. Although these vaccines have been
proved to have excellent efficacy and safety, there have been reports of various side effects associated with vaccination. Approximately 1,226 cases of myocarditis and pericarditis reported in the
Vaccine Adverse Event Reporting System (VAERS) database,
primarily occurring in young individuals after receiving their
second vaccination dose [10]. This report summarizes a case of
transient myopericarditis occurring in a young and healthy male
within 48 h of receiving his second dose of the mRNA-1273,
SARS-CoV-2 vaccine.

Case Report
Investigations
A 44-year-old male presented with left-sided chest pain radiating to the left arm associated with shortness of breath. He had
received his second dose of the mRNA-1273 vaccine 4 days
before symptom onset. His chest pain began 2 days postvaccination; it was initially mild but progressively became severe.
He denied any recent fevers, upper respiratory tract symptoms,
or sick contacts. He did not have any past medical history or
take any medications. He was a pack per day smoker but did
not drink alcohol or use illicit drugs. Vitals signs and physical
exam were within normal limits.
Diagnosis
Complete blood count and comprehensive metabolic panel
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Figure 1. Electrocardiogram showing sinus rhythm with ST-segment elevations in the inferior leads (II, III, and aVF).

were unremarkable. Reverse transcriptase-polymerase chain
reaction (RT-PCR) for SARS-CoV-2 was negative. His initial
troponin I was 1.40 ng/mL, creatine kinase-myocardial band
(CK-MB) was 30.8 ng/mL, erythrocyte sedimentation rate
(ESR) was 43 mm/h, C-reactive protein (CRP) was 3.3 mg/
mL, and D-dimer was normal at 100 ng/mL. His electrocardiogram (ECG) showed a normal sinus rhythm with no STsegment changes. He was admitted and received three doses
of sublingual nitroglycerin without relief from his chest pain.
He was also started on aspirin 81 mg and atorvastatin 40 mg
due to concerns of an acute coronary syndrome. Transthoracic echocardiogram showed normal biventricular function,
no valvular abnormalities, or pericardial effusion. Troponins
were repeated 8 h after admission and resulted in a significant uptrend to 9.14 mg/mL. ECG was repeated and showed
ST-segment elevations in the inferior leads (Fig. 1); therefore,
he was started on a heparin infusion. In addition to aspirin,
clopidogrel 75 mg was initiated. He underwent left heart catheterization with coronary angiography, which revealed nonobstructive disease. As coronary angiography was nonconclusive
cardiac magnetic resonance imaging (MRI) was obtained (Fig.
2), which was consistent with acute myopericarditis, fulfilling the updated Lake Louise criteria. A viral PCR panel was
obtained, which was negative for adenovirus, coxsackievirus,
Epstein-Barr virus, echovirus, cytomegalovirus, influenza virus, herpes viruses, and parvovirus B19.
Treatment
After myopericarditis was confirmed, clopidogrel was discontinued. After being admitted for two nights, his chest pain had
resolved. His troponin I, ESR, and CRP levels trended down
to normal. He was discharged from the hospital on aspirin 81
mg.

Follow-up and outcomes
At 1-month follow-up the patient had no recurrence of his chest
pain. His exercise capacity had returned to his prior baseline. Follow-up transthoracic echocardiography showed normal left ventricular ejection fraction. Aspirin was discontinued at this time.

Discussion
The rapid development of the mRNA-based vaccines,
BNT162b2 (Pfizer) and mRNA-1273 (Moderna) for SARSCoV-2 have been a tremendous achievement in modern medicine. More than 275 million BNT162b2 vaccinations and 180
million mRNA-1273 vaccinations have been administered in
the USA [11]. In the initial trials, these vaccines were proved
to be safe, with no severe concerns identified. However, there
was a high incidence of minor local side effects such as pain,
erythema, and swelling at inoculation sites compared with
placebo. Transient systemic symptoms such as fever, fatigue,
headache, muscle, and joint pain were also more common with
vaccination, typically occurring for the first 24 to 48 h after
vaccination [7, 9]. After approval and distribution of the vaccines in the UK and the USA, several rare cases of anaphylaxis were reported, likely related to the vaccine components,
specifically the polyethylene glycol derivatives [12]. Recently,
several cases have been published highlighting transient cardiac injury predominantly in adolescents and young adults
after SARS-CoV-2 vaccination [13, 14]. In the initial clinical trials, there were no reported myocarditis or pericarditis
events; however, the mean age of the participants was 51 in
the mRNA-1273 trial [9], and the median age was 52 in the
BNT162b2 trial [7]. This signals that these trials might have
lacked adequate power to detect this rare side effect in younger
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Figure 2. Cardiac magnetic resonance imaging fulfilling the updated Lake Louise criteria. (a) and (b) showed left ventricular foci
with early T2 edema (red arrows). (c) and (d) showed subtle delayed T1 enhancement (blue arrows) in the left ventricle. These
findings were consistent with mid anterolateral and mid inferolateral wall myopericarditis.

patients. The cardiac injury occurred in our patient within 48
h of inoculation with the second dose of the mRNA-1273 vaccine, consistent with other published cases. No other causative
factors were identified. Therefore, given the temporal association with the time of vaccination and symptom onset, we suggest that the transient cardiac injury in our patient was an adverse reaction to his recent vaccination. Moreover, COVID-19
is also a known cause of myocarditis [15], which was ruled out
in our patient with a negative SARS-CoV-2 RT-PCR. A viral
panel was also obtained to rule out other infectious causes of
myopericarditis. Regarding diagnosis and management, monitoring cardiac myocyte injury trends with troponin I, ESR, and
CRP were beneficial to track clinical improvement and resolution. Our case also demonstrates the utility of cardiac MRI in
the diagnosis of myopericarditis in patients with a high clinical
suspicion for postvaccination myopericarditis. Utilizing the
2018 Lake Louise criteria, cardiac MRI has a sensitivity of
87.5% and a specificity of 96.2% in detecting myocarditis [16,
17]. The disease course was mild in our patient, and symptoms
were resolved with conservative management with aspirin.
Postimmunization myopericarditis has been correlated
with other vaccinations [18], with the most substantial evidence for the smallpox vaccine as a cause [19]. In cases of
postvaccination myopericarditis with the smallpox vaccine,
reports have shown a transient and subclinical course detected
by elevated troponin I levels [20], similar to our patient after
SARS-CoV-2 vaccination. The hypothesized etiology of cardiac injury after vaccination would be an autoimmune phenom82

enon involving molecular mimicry resulting in cross-reactivity
between the spike protein of SARS-CoV-2 and self antigens
[21]. Vaccine-associated autoimmunity associated with crossreactivity between vaccinal and self antigen, or the immunestimulatory effects of vaccine adjuvant has been previously described [22]. Furthermore, greater systemic reactogenicity has
been identified in younger patients after the second vaccine
dose, possibly correlating with a higher burden of immunological side effects [21, 23]. Hence, this appears to be the most
likely mechanism of cardiac injury in these patients.
Conclusions
In unison with recently reported cases, we hypothesize our patient’s transient myopericarditis was associated with his recent
mRNA-1273 vaccination due to the temporal relationship.
However, we recognize that substantial evidence is needed to
determine a genuine causal relationship between SARS-CoV-2
vaccination and cardiac injury. Moreover, vaccinations have
proven to be lifesaving, with the benefits of the SARS-CoV-2
vaccinations far outweighing the rare risk of myopericarditis,
given that COVID-19 in itself likely possesses a higher incidence of myocarditis compared to vaccination. Nevertheless,
as the younger populations undergo vaccination, clinicians
should be aware of this potential association and transient
disease course. All cases should be promptly reported to the
VAERS database.
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Learning points
Learning points from this case report include: 1) Physicians
should consider myopericarditis when evaluating adolescents
and young adults who present with chest pain after recent
SARS-CoV-2 vaccination; 2) Troponin I and CRP are valuable
in tracking the disease process. Furthermore, cardiac MRI is an
invaluable tool in determining the presence of cardiac injury,
utilizing the updated Lake Louise criteria; 3) A conservative
treatment approach should be taken in these patients as most
cases are transient and without significant sequelae.
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