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Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the novel coronavirus causing coronavirus disease 2019
(COVID-19), has affected human lives across the globe. On 11 December 2020, the US FDA granted an emergency use
authorization for the first COVID-19 vaccine, and vaccines are now widely available. Undoubtedly, the emergence of these
vaccines has led to substantial relief, helping alleviate the fear and anxiety around the COVID-19 illness for both the general
public and clinicians. However, recent cases of vaccine complications, including myopericarditis, have been reported after
administration of COVID-19 vaccines. This article discusses the cases, possible pathogenesis of myopericarditis, and treat-
ment of the condition. Most cases were mild and should not yet change vaccine policies, although prospective studies are

needed to better assess the risk—benefit ratios in different groups.

1 Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the novel coronavirus causing coronavirus dis-
ease 2019 (COVID-19), has affected human lives across
the globe, with devastating consequences [1, 2]. A total of
182,319,261 confirmed cases and 3,954,324 deaths due to
COVID-19 had been reported worldwide as of 28 June 2021,
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despite the implementation of control measures such as iso-
lation of affected individuals, social distancing, frequent
hand washing, and wearing of face masks [3, 4]. On the
other hand, the development of effective vaccines against
SARS-CoV-2 within 1 year of identifying its genomic
sequence has been one of the most crucial scientific break-
throughs of the twenty-first century [5, 6]. The US FDA
granted emergency use authorization for the Pfizer-BioN-
Tech and Moderna COVID-19 vaccines in December 2020
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Cases of myopericarditis after receiving coronavirus
disease 2019 (COVID-19) vaccines have been reported,
although most cases have been mild.

Similar to myocardial and pericardial involvement in the
setting of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection, COVID-19 vaccine-related
myopericarditis can be associated with inappropriate
inflammatory response, and anti-inflammatory drugs are
noted as useful for treatment.

Prospective studies are necessary to determine whether
the vaccine-related myopericarditis is casual or causal.

and to the Janssen COVID-19 vaccine in February 2021
[7-9]. At the time of writing, 54.7% of the total population
of the USA had received at least one dose of a COVID-19
vaccine, and 47.1% of the population was fully vaccinated
[10]. Safety data from the phase II/III trial of BNT162b2
(Pfizer/BioNTech vaccine) highlighted that injection site
pain, fatigue, and headache accounted for a significant pro-
portion of adverse reactions reported [11]. Reviews of sur-
veillance data yielded similar observations, with local pain,
fatigue, headache, myalgia, chills, and arthralgia being typi-
cal reactions [12]. Rare cases of anaphylaxis have also been
identified following the administration of messenger RNA
(mRNA) COVID-19 vaccines [13, 14]. Lately, the Centers
for Disease Control and Prevention (CDC) and the FDA
have recognized 742 cases of myocarditis or pericarditis
that developed after mRNA COVID-19 vaccination, espe-
cially in male adolescents and young adults [15]. Isolated
cases of death following vaccine administration have been
reported very recently and are currently under review [16].
Additionally, some potential severe complications of some
of the COVID-19 vaccines have also been emphasized [17].
Although evidence of myopericarditis resulting from vac-
cination (e.g., smallpox) exists in the literature, only a few
case reports of myocarditis occurring after mnRNA COVID-
19 vaccination have been published, with the data regarding
causality and susceptibility remaining elusive [18]. Herein,
we review the pathophysiology, diagnosis, characteristics,
and management of myopericarditis after mRNA COVID-
19 vaccination.

2 COVID-19 Vaccines

The receptor-binding domain of the spike protein of SARS-
CoV-2, which enables it to bind to the angiotensin-convert-
ing enzyme-2 receptor on the host cell, was considered a
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potential target for vaccines [19, 20]. As of 29 June 2021,
105 vaccine candidates were undergoing clinical develop-
ment and 184 vaccine candidates were in the preclinical
phase of development globally [21]. They can be classified
according to type of vaccine as follows: [22, 23]

genetic (Moderna and Pfizer/BioNTech)

viral vector type (Janssen)

inactivated (Bharat Biotech)

attenuated (Codagenix—under clinical trial)
protein vaccine (Sanofi/GSK—under clinical trial)

The mRNA vaccine platform provides flexibility with the
ability to translate any desired protein. Its minimal inter-
action with the genome enhances safety [24]. Lipid nano-
particles overcome the challenges of intracellular delivery
with reduced extracellular hydrolysis of mRNA by ribonu-
cleases [25]. The Pfizer/BioNTech (BNT162b2) and Mod-
erna (MRNA-1273) vaccines are both lipid-nanoparticle-
coated mRNA vaccines encoding for the spike glycoprotein
of SARS-CoV-2 [10, 26]. Immunization with mRNA vac-
cines has been found to induce both humoral and cellular
immune responses in recipients [27]. Table 1 summarizes
the COVID-19 vaccines that were available in the USA at
the time of writing [28, 29].

3 Side Effects of COVID-19 Vaccines

COVID-19 vaccines provided a ray of optimism during
this global crisis. As highlighted, SARS-CoV-2 has caused
the death of significant populations throughout the world.
Vaccination has been shown to be effective in preventing a
severe or lethal form of COVID-19. The FDA granted the
emergency use of the mRNA-based Pfizer and Moderna
vaccines to combat this challenging pandemic in December
2020. These vaccines were also associated with various local
and systemic reactogenicity. Local side effects such as red-
ness, rashes, tenderness, itch, warmth, and swollen axillary
lymph nodes were observed during the clinical trials [30].
In general, local reactions were mild-to-moderate in sever-
ity and resolved within 1-2 days [11]. These vaccines were
also involved in systemic side effects, including headache,
fatigue, fever, diarrhea, myalgia, chills, anaphylaxis, and
nausea [11].

Younger recipients were more susceptible to local and
systemic adverse events, with systemic reactions being more
common after the second dose. However, severe adverse
reactions were noted to be infrequent in the clinical trials,
with similar incidences in vaccine and placebo groups [11,
26]. The CDC and the FDA have been monitoring the safety
of the COVID-19 vaccines post-rollout through different
vaccine safety monitoring systems, including the Vaccine
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Adverse Effect Reporting System, Vaccine Safety Datalink,
V-safe, and the National Healthcare Safety Network [31].
Such vigorous monitoring eventually identified rare cases
of post-vaccination anaphylaxis, thrombosis with thrombo-
cytopenia syndrome, and cardiac involvement [15, 18]. The
most frequent systemic reactogenicities were headache and
fatigue [11]. The frequency of adverse effects is lower with
the Pfizer/BioNTech vaccine than with the Moderna vaccine;
however, the Moderna vaccine is easier to transport and store
because it is less temperature sensitive [12]. In addition,
serious complications such myocarditis have been associated
with administration of COVID-19 vaccines.

4 Myopericarditis Following COVID-19
Messenger RNA Vaccination

In June 2021, isolated case reports highlighting possible
causal associations between both the BNT162b2 (Pfizer-
BioNTech) and the mRNA-1273 (Moderna) mRNA-based
vaccines and myocarditis and/or pericarditis began to surface
[32-36]. In the short period since the first published report,
more extensive case series have been reported with similar
concerns about myocarditis and/or pericarditis following
vaccine administration.

In a case series from Israel, Abu Mouch et al. [37]
described six patients who developed myocarditis after the
BNT162b2 mRNA vaccine. At the time of reporting, 4 mil-
lion people in Israel had received two doses [37]. Larson
et al. [38] also reported the cases of eight male adults, rang-
ing in age from 21 to 56 years (median 22), who developed
symptoms suggestive of myocarditis, later confirmed on car-
diac magnetic resonance imaging (MRI) within 2—4 days
of the second dose of the mRNA vaccine. Three of these
cases received the mRNA-1273 vaccine, and the remain-
ing five patients received the BNT162b2 vaccine [38]. Kim
et al. [39] reported four cases of adult males who developed
myocarditis within 5 days of administration of the second
vaccine dose (50% BNT162b2 vaccine, 50% mRNA-1273
vaccine). Montgomery et al. [40] also reported 23 cases of
adult males (median age 25 years) within the US Military
Health System who developed symptoms of myocarditis
within 4 days of receiving the second dose of mRNA vac-
cine (30% BNT162b2 vaccine, 70% mRNA-1273 vaccine).
Rosner et al. [41] also reported seven cases of adult males
developing myocarditis following the second dose of a
vaccine, with most patients receiving the BNT162b2 vac-
cine. Similar cases have also been reported in the pediatric
age group, with each case noted to have received the only
approved vaccine in this age group: the BNT162b2 mRNA
vaccine [42, 43]. Although most of the myopericarditis cases
were reported after administration of mRNA vaccines, a
few cases were reported after administration of the Ad26.
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COV2.S vaccine (Janssen/Johnson & Johnson). Interest-
ingly, pericarditis without myocarditis was reported after
this vaccine [44]. In a case series, seven male adolescents
ranging in age from 14 to 18 years developed myocardi-
tis 2—4 days after the second dose of the BNT162b2 vac-
cine [45]. Recently, a retrospective review by Schauer et al.
[46] described the cases of 13 patients with myopericarditis
after the second dose of the Pfizer mRNA COVID-19 vac-
cine. Interestingly, one case of a 17-year-old male with a
recurrence of acute myocarditis has been reported [47]. The
patient presented with myocarditis 4 months after an initial
episode of acute myocarditis. He tested negative for COVID-
19 during the first episode. The second episode was noted
48 h after receiving the second dose of the Pfizer-BioNTech
vaccine [47]. Table 2 presents the clinical and diagnostic
characteristics of the patients with myopericarditis. By 28
June 2021, the CDC had received 518 confirmed cases of
myocarditis or pericarditis after vaccine administration [15].
All the reported cases presented to the hospital with com-
plaints of retrosternal chest pain that often worsened with
inspiration and was relieved by leaning forward. In addition
to the classic pericardial pain, some patients also reported
dyspnea. Initial vitals at presentation were notably stable
for all patients. Admission workup included clinically sig-
nificant elevations in troponin levels (elevated to more than
three times the upper normal limit) and C-reactive protein
levels, highly suggestive of myocardial inflammation. The
electrocardiogram was significant for ST-segment eleva-
tion (diffusely present in most patients), with normal sinus
rhythm. Active SARS-CoV-2 infection was ruled out by
reverse transcriptase-polymerase chain reaction testing of a
nasopharyngeal swab obtained at admission in each of the
cases. A complete respiratory panel comprising Epstein-Barr
virus, cytomegalovirus, human immunodeficiency virus,
influenza, enterovirus, adenovirus, herpesvirus 6, and hep-
atitis B and C were negative in all cases. Other etiologies,
including autoimmune, were also ruled out. Transthoracic
echocardiogram was notable for a mildly reduced to normal
left ventricular ejection fraction and global hypokinesis, if
present at all [33]. The final diagnosis was made based on
findings of the cardiac MRI, with the pattern of late gado-
linium enhancement consistent with the diagnosis of myo-
pericarditis in all the reported cases according to the 2018
Lake Louise criteria [48]. The CDC recommends use of the
American Heart Association (AHA) guidelines for diagnosis
and management of myocarditis in children for this young
adult population [49, 50].

Recently, some other interesting studies have resulted
in additional findings. A study using the database of Clalit
Health Services, the largest healthcare organization in
Israel, for diagnoses of myocarditis in patients who had
received at least one dose of the BNT162b2 mRNA vac-
cine was published. The estimated incidence of myocarditis
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was 2.13 cases per 100,000 people. The highest incidence
was among male patients between the ages of 16 and 29
years (10.69 cases per 100,000). Most cases of myocarditis
were mild or moderate in severity [51]. Another retrospec-
tive review of data from Israel obtained from 20 December
2020 to 31 May 2021 and using the Brighton Collaboration
definition showed a standardized incidence ratio of post-
vaccine myocarditis of 5.34 (95% confidence interval [CI]
4.48-6.40), which was highest after the second dose in male
recipients between the ages of 16 and 19 years (13.60; 95%
CI 9.30-19.20). In males of all ages, myocarditis occurred
at an incidence of 0.64 cases per 100,000 people after the
first dose and 3.83 cases per 100,000 after the second dose.
The incidence increased to 1.34 and 15.07 per 100,000
after the first and second doses, respectively, for teenage
boys aged 16—19 years [52]. Both these studies showed an
increased incidence of post-vaccine myocarditis compared
with already available data from the CDC. A difference in
the number of incidences was noted in these two studies,
maybe because of the different data collection methods and
differences in criteria for diagnosing myocarditis. Also, both
studies could not exclude confounders that also contribute
to the incidence of myocarditis. Still, these data highlight a
need for further investigation and follow-up.

Another cross-sectional study showed data from 25 chil-
dren aged 12-18 years diagnosed with probable myoperi-
carditis after COVID-19 mRNA vaccination as per the CDC
criteria for diagnosis at eight US centers between 10 May
2021 and 20 June 2021. Most (88%) cases occurred after the
second dose of vaccine, and chest pain (100%) was the most
common presenting symptom. Patients sought medical atten-
tion a median of 2 days after administration of the Pfizer
mRNA COVID-19 vaccination [53]. Interestingly, most of
these cases were mild and transient.

Given the remarkably similar clinical presentation and
the lack of an alternative explanation for a confirmed diag-
nosis of myocarditis or myopericarditis, only the temporal
association with the mRNA vaccine was consistent. None
of the reported cases developed a severe form of the disease
(as measured by the requirement for inotropes, mechanical
support, or heart transplant). All patients were discharged
in a stable condition within 1 week of hospitalization. Inter-
estingly, all patients were male, most were Caucasian, all
were young (age 16-25 years), and all had no significant
cardiovascular comorbidities. The majority of patients had
received two doses of the vaccine. The number of vaccine
doses administered in the general population was difficult
to estimate for each case report, making it challenging to
extrapolate an overall incidence of myocarditis in patients
receiving mRNA vaccines for SARS-CoV-2 from the avail-
able data. However, the incidence of myocarditis demands
population-based studies in the future to highlight the
complete adverse effect profile of the vaccine. The CDC

A\ Adis

continues to endorse two doses of vaccine for all individu-
als, including the population noted to have reported cases of
myocarditis or pericarditis [50].

5 Pathogenesis

Although several case reports and case series on myoperi-
carditis following mRNA COVID-19 vaccination exist in
the literature, they only establish a temporal relationship
between vaccine receipt and development of myopericarditis
and fail to demonstrate a conclusive causality. Interestingly,
the majority of the cases share some common attributes.
Most of the patients developed symptoms of myocarditis
within 1-4 days of receiving the second dose of the vac-
cine. In addition, relatively healthy adolescent or young
adult males were commonly affected with a benign clinical
course and rapid resolution of symptoms (Table 2). Some
cases were also investigated for other possible etiologies of
myocarditis, with no alternative cause found [40, 54-56].
Therefore, clustering of similar cases of myopericarditis
following mRNA COVID-19 vaccination supports a causal
association between them, which must be further investi-
gated with larger prospective studies [57]. In most cases,
endomyocardial biopsy was not performed because of rapid
clinical improvement precluding an etiological diagnosis
[33, 35, 40, 45]. However, Larson et al. [38] performed a
cardiac biopsy in one patient before initiating steroids, and
this did not demonstrate myocardial infiltrates. Therefore,
the pathogenesis of myopericarditis post administration of
mRNA COVID-19 vaccination is largely speculative.
Children developed a more robust immune response than
adults during SARS-CoV-2 infection, as demonstrated by
multisystem inflammatory syndrome in children. In addi-
tion, mRNA vaccines produced more potent immunogenic-
ity and reactogenicity in younger recipients and after the
second dose. Similarly, the propensity of young adults to
develop myocarditis following the second dose of vaccine
supports the hypothesis of the vaccine-associated maladap-
tive immune response causing cardiac injury [35, 38, 4547,
56, 58]. Recognition of vaccine antigen by circulating mono-
cytes and macrophages activates complements and recruits
inflammatory cells, causing cytokine release, resulting in
adaptive immunity. This systemic immune response, when
exaggerated in predisposed individuals, might cause organ
damage [59]. Schauer et al. [46] described two cases of post-
vaccine myocarditis in patients with a history of myocarditis
in first-degree relatives. In a case report by Minocha et al.
[47], an adolescent patient with a history of myocarditis 4
months before vaccination developed recurrent myocarditis
with gadolinium enhancement in similar distribution fol-
lowing mRNA COVID-19 vaccination. Muthukumar et al.
[54] demonstrated an increase in a specific natural killer cell
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subset and multiple autoantibodies in a 52-year-old male
with COVID-19 vaccine-associated myocarditis. In contrast,
the interleukin-17 level was not raised, unlike other causes
of myocarditis. The authors hypothesized that such unique
immune changes might be contributing to a specific subtype
of vaccine-associated myocarditis with rapid recovery.

On the other hand, the development of symptoms within
1-4 days of the second dose of vaccine could be explained
by a delayed hypersensitivity or serum sickness-like reac-
tion. Additionally, patients who developed myocarditis fol-
lowing the first dose had a history of COVID-19 infection.
In both cases, initial exposure caused sensitization to viral
antigen with subsequent exposure forming antigen—antibody
complexes and eventual damage to cardiac myocytes [33,
40, 55, 60].

The high prevalence of myocardial damage in COVID-19,
combined with a tiny proportion of myocarditis in mRNA
COVID-19 vaccine recipients, indicates the possibility of
molecular mimicry between SARS-CoV-2 spike protein and
an unknown myocardial protein [33, 38, 58, 61].

Smallpox vaccine and tetanus toxoid vaccine have been
found to cause myocardial damage following immuniza-
tion. Endomyocardial biopsy has demonstrated evidence of
eosinophilic myocarditis in such cases [62, 63]. Increased
circulating eosinophils produced following immunization
infiltrate cardiac tissue. Degranulation of eosinophils causes
direct myocardial injury [64]. A similar mechanism might
exist in the case of mRNA COVID-19 vaccine-associated
myocarditis. However, the lack of peripheral eosinophilia
in a few instances renders this mechanism unlikely [45, 58].

6 Management

We do not have enough data about COVID-19 vaccine-
related myocarditis. Published case reports indicate that the
pathogenesis of the COVID-19 vaccine-related myocarditis
shares similar mechanisms with COVID-19 infection-related
myocarditis [38, 65]. We highlight the management of
COVID-19 infection-related myocarditis because treatment
options will also be effective in patients with COVID-19
vaccine-related myocarditis. Recently, a systematic review
by Sawalha et al. [66] described the treatments available for
COVID-19-related myocarditis. In this study, around 50% of
the patients required vasopressor support, and 25% required
inotropic support. Medical management of myocarditis/myo-
pericarditis included glucocorticoids (being the most used),
immunoglobulin therapy, and colchicine [66]. Other stud-
ies have also supported the use of corticosteroids and intra-
venous immunoglobulin in pediatric myocarditis. Studies
have shown that intravenous immunoglobulin may improve
ventricular systolic function. Temporary cardiac pacing and
antiarrhythmic drugs (e.g., lidocaine and mexiletine) have

been used to manage arrhythmias in the setting of COVID-
19-related myocarditis. Caution must be taken while using
antiarrhythmic drugs given the risk for QTc prolongation
[65, 67]. The case reports included mainly treatment with
nonsteroidal anti-inflammatory drugs, corticosteroids, and
colchicine [32, 37]. We also noted the use of pB-blockers
(bisoprolol) and acetylsalicylic acid in patients with myo-
carditis after COVID-19 vaccines [33]. In some case reports,
the patients required intensive care-level treatment without
requiring inotropic agent therapy and were eventually dis-
charged in a hemodynamically stable situation. However, we
need more data to assess the clinical course of patients with
myocarditis after administration of COVID-19 vaccine [38].

7 Discussion

The global COVID-19 pandemic has resulted in global
lockdowns, the economic collapse of countries, and rising
mortality and morbidity. The creation of these vaccines has
increased our ability to fight against this disease. With ris-
ing vaccination rates, fatal outcomes have decreased signifi-
cantly. However, recent studies have shown that the Pfizer/
BioNTech and Moderna mRNA-based vaccines have been
associated with myocarditis and/or myopericarditis as an
adverse effect. Figure 1 summarizes the possible pathogen-
esis of COVID-19 vaccine-related myocarditis [31, 33, 36,
38, 40, 43-46, 49, 50, 54, 56, 57, 59-65]. We note that the
pathogenesis of myocardial and pericardial involvement is
mainly related to inflammation. This finding is supported by
the effective use of anti-inflammatory medication, includ-
ing steroids, in patients with myopericarditis [38]. Interest-
ingly, the case reports and case series provided evidence
of myocardial inflammation and edema on cardiac MRI.
Similar findings have been noted in both pediatric and adult
cases of myocarditis post administration of COVID-19 vac-
cines. Although symptoms in all patients resolved rapidly,
the potential for myocardial fibrosis and its unknown long-
term effects on the heart must be followed-up. The AHA
and American College of Cardiology recommendations for
acute myocarditis include long-term cardiac surveillance
[46]. Follow-up clinical visits and follow-up cardiac imag-
ing for all patients should be considered.

Although incidences of vaccine-related myocarditis are
being reported, the established benefits of these vaccines
outweigh the rare risk of myocarditis or pericarditis. The
extent of myocarditis and pericarditis has been particularly
noticeable in young and adolescent males, occurring most
often within several days after the second dose of the vac-
cine. Undoubtedly, this may lead to concern about admin-
istering mRNA-based COVID-19 vaccines to younger
populations. Larson et al. [38] also found very few cases of
myocarditis following COVID-19 vaccination, confirmed by
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Fig. 1 Proposed pathogenesis of myopericarditis related to coronavirus disease 2019 (COVID-19) vaccine [31, 33, 36, 38, 40, 43-46, 49, 50, 54,

56, 57, 59-65]

cardiac MRI. Most of these cases of vaccine-related myo-
carditis resolved in a few days with treatment. The poten-
tial benefits of these vaccines are well-established, and the
potential for systemic organ involvement such as myocarditis
or pericarditis should not change vaccine policies [68]. Swe-
den and Denmark have recently paused the use of Moderna’s
COVID-19 vaccine for younger age groups after reports of
possible rare cardiovascular side effects [69]. Certainly,
this is the time to think carefully about this potential risk.
We believe a more extensive prospective trial is required to
establish the causation or to improve estimates of the inci-
dence of myocarditis following COVID-19 vaccination.

8 Conclusions

COVID-19 infection has been associated with myocarditis.
Cases of myopericarditis are also being reported in the set-
ting of COVID-19 vaccines. Although most cases are mild,
we must be extremely cautious about the follow-up of these
patients. Undoubtedly, COVID-19 vaccines have provided
optimism in the fight against this pandemic. At the time of

A\ Adis

writing, a causal relationship between vaccine receipt and
myopericarditis development should not be concluded.
Identification of myopericarditis as an adverse event should
be investigated and followed-up with high priority. These
events should not be a reason to change vaccine policy, but
further studies are necessary to alleviate anxiety about and
resistance to routine COVID-19 vaccinations.
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