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Abstract

Myocarditis and pericarditis are rare adverse reactions, more commonly seen in young males after receiving the
second dose of an mRNA vaccine. However, the benefits of vaccination heavily outweigh the risk of these side effects. In
addition, vaccination boosters are effective against the newest, more infective variants. Therefore we expect more vac-
cines to be administered in the following years. The objective of this study is to review the current understanding of the
mechanism, diagnosis, and treatment of myocarditis and pericarditis. Proposed mechanisms include molecular mimicry
against the S protein and hypersensitivity reactions with mRNA vaccines and platelet aggregation and thrombus for-
mation in cardiac blood vessels with adenoviral vaccines. Diagnosis of myocarditis is based on clinical findings, cardiac
enzymes, ECG, MRI, and echocardiographic findings. Management includes NSAIDs and cardiovascular support in
selected cases with ventricular dysfunction. Most patients have a mild presentation with preservation of cardiac function
and recover entirely within seven days; the average hospital stay is three days. Long-term complications are infrequent.

Keywords: COVID-19, Myocarditis, COVID-19 vaccines, Molecular mimicry

1. Introduction COMIRNATY, mRNA-1273), adenoviral vectors
(ChAdOx1, Ad26.COV2.S), inactivated viruses

OVID-19 is a viral respiratory infection first ~(Coronavac, Vero Cell, COVAXIN), and Recombi-
detected in China in 2019 that has infected nant nanoparticle (NVX-CoV2373/Nuvaxovid, NVX-

4
513,955,910 people and caused 6,249,700 deaths C0V2373/Covovax).

worldwide;' the estimated excess mortality during As of May 1St( 2022, over 11.5 billi(.)n. doses of the
the covid pandemic is between 14.63 and 24.77 COVID-19 vaccine have been administered glob-

million.> COVID-19 was declared a pandemic on ally5', with 65% of the world's population having
March 11, 2020, by the World Health Organization received at least one dose. Currently approved
(WHO).? The rapid spread of the virus after the COVID-19 vaccines effectively reduce morbidity
WHO announcement prompted global efforts to- and mortality associated with the disease.”” Inclu-
ward developing a vaccine. By the end of May 2022, sion criteria vary worldwide: vaccination in adults is
the WHO has approved ten vaccines against recommended worldwide, while recommendations
COVID-19 for emergency use which use different for vaccination in children vary with country. Fed-
technologies  including mRNA  (BNT162b2/ eral agencies like the Center for Diseases (CDC) and
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European Medical Agency (EMA) now recommend
immunization for children aged 6—18. Vaccination
for children under five years of age is not recom-
mended due to a lack of safety data.””'’ However,
no vaccine is free of adverse effects. Myocarditis and
pericarditis are rare side effects occurring particu-
larly after mRNA vaccination. The estimated overall
incidence per 100,000 persons who had received at
least one vaccine dose is 0.57—2.13 cases.'"'* The
incidence of this side effect varies with age, sex, time
interval between vaccination, and the number of
doses received. Young males have the highest inci-
dence of this side effect, with an estimated incidence
of 18.52 per 100,000 12—18 years old vaccinated."” Its
low incidence may explain why initial clinical trials,
with relatively small sample size, did not detect this
side effect. However, more myocarditis and peri-
carditis cases have been reported as mass vaccina-
tion programs developed. As of May 1st, more than
four thousand myocarditis, pericarditis, and myo-
pericarditis cases after vaccination against Covid-19
had been reported to the United States Vaccine
Adverse Event Reporting System (VAERS) 367 cases
have been reported in the EEA from EudraVigilance
database.'*"”

The original mRNA vaccine scheme consisted of
two doses. However, with time, follow-up studies
showed a decrease in vaccine effectiveness against
COVID-19 infection after six months'®'”'® and new,
more infectious variants of the virus created waves
of infections. As a result, health agencies worldwide
have approved vaccine boosters.'”””*" Vaccine
boosters have shown to be more effective in
reducing covid-associated outcomes than two doses
alone.””**** mRNA vaccines have also been associ-
ated with an increased risk of carditis compared to
unvaccinated patients. However, the risk appears to
be significantly lower than after the second dose.”**

The benefits of vaccination heavily outweigh the
risks of this rare side effect.”” First, vaccination with
mRNA vaccines prevents >2800 hospitalizations per
million 2nd doses in patients 18—39 years old, while
the incidence of myocarditis after immunization in
the same group is < 33 per million 2nd doses.”®
Secondly, the incidence of myocarditis in patients
with COVID-19 infection is 1000 times higher than
myocarditis after vaccinations with the mRNA vac-
cines. Furthermore, most cases of myocarditis after
COVID-19 mRNA vaccination are mild, with sur-
vival over 99%. In contrast, COVID-19-associated
myocarditis has a 30—80% estimated survival.”’

The incidence of myocarditis and pericarditis after
vaccination against COVID-19 varies with age, sex,
the interval between doses, and the vaccine
administered. Shorter vaccine intervals are

associated with an increased risk of myocarditis.”” In
his article, Walid F. Gellad discusses how this could
explain why countries with longer intervals between
doses, such as Denmark, where the interval is six
weeks, have a lower incidence of myocarditis after
COVID-19 vaccines than the US and Israel, where
the recommended interval is three weeks.”' There-
fore, increasing dose intervals and vaccination with
homologous vaccines in patients at greater risk
(younger males) might be an alternative recom-
mendation to reduce the risk of myocarditis.

As the virus continues to acquire mutations, pro-
ducing new, more infectious variants, and immunity
from previous vaccines wanes, it is possible that
further boosters of the vaccines will be needed.
Consequently, we anticipate increased myocarditis
and pericarditis reports as more vaccines are
administered. Due to the sheer size of vaccination
campaigns, more evidence about the association
between heart inflammation and vaccination against
Covid-19 is needed. This study reviews the associ-
ation of myocarditis with COVID-19 vaccines, their
pathophysiology, diagnosis, and treatment.

2. Mechanism

The COVID-19 vaccine causes myocarditis
through immune-mediated, molecular mimicry,
and thrombus formation (Fig. 1). SARS-CoV-2 is an
enveloped positive-sense single-stranded RNA
(ssRNA) virus of the Coronaviridae family. It has
four major structural proteins: S (spike glycopro-
tein), N (nucleocapsid protein), M (membrane pro-
tein), and E (envelope protein). The S protein is
ubiquitous over the surface of SARS-CoV-2 which
makes the S protein the main immunologic target of
the COVID-19 vaccines.”” The first mechanism for
myocarditis is molecular mimicry against the S
protein. Antibodies against SARS-CoV2 can cross-
react with host tissue proteins, causing autoimmune
reactions against their cells.”® The increased risk of
myocarditis in patients with COVID-19 infection®*
further supports the molecular mimicry theory.
Expression of SARS-CoV-2 surface spike protein on
the surface of cardiomyocytes could trigger an im-
mune response. It has been speculated that this
surface spike protein is encoded by mRNA
vaccines.”

The immune system may register mRNA in the
vaccine as an antigen, which leads to the activation
of immune-mediated inflammation of the myocar-
dium. Immune-mediated mechanisms are delayed
hypersensitivity reaction and Th1 response.”” The
first dose sensitizes the immune system and the
second dose activates it. This can be caused by a
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Fig. 1. Molecular mimicry myocarditis.

hypersensitivity reaction to vaccine components,
such as lipid nanoparticle (LNP) sheath, which en-
capsulates the mRNA. Polyethylene glycol, a
component of LNP sheath, could be responsible for
such reactions.”® Most people are sensitized to
polyethylene glycol as it is used in ointments, lo-
tions, cosmetics, and dental materials.”” Tsilingiris
and collaborators suggested an immune response
against LNP as a plausible explanation of the aber-
rant immune response against own cardiac cells.
They support this claim by referring to previous
reports of anaphylaxis against components of the
LNP sheath in patients receiving mRNA vaccines.”
SARS-CoV-2 virus can sensitize the immune sys-
tem; therefore, patients previously infected with the
virus can develop hypersensitivity myocarditis even
after the first dose. RNA in the mRNA vaccines can
activate pre-existing auto-reactive immune cells in
patients previously infected with SARS-CoV-2.**
Whether hypersensitivity to LNP sheath or mRNA
itself, activated immune cells move to the myocar-
dium and release cytokines, causing inflammation
and leading to Myocarditis®”(Fig. 2).

Apart from hypersensitivity reactions, T helper
one cell response can also cause myocarditis. For
instance, the Moderna vaccine can induce a robust
CD4 response involving Th1 cells, causing myocar-
ditis.** Immune—genetic background, age, and sex
can alter these processes. The major risk factors for
developing myocarditis or pericarditis after COVID-
19 vaccination are male sex and young age;

therefore, higher testosterone levels have been
proposed as a culprit of the aberrant immune
response against self heart cells. Testosterone pro-
motes aggressive T helper one cell response and
suppresses anti-inflammatory, immune cells.
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Fig. 2. Hypersensitivity myocarditis.
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Similarly, estrogen inhibits pro-inflammatory T
cells.”’ In the immune-mediated mechanisms
described above, obesity has a significant impact on
causing myocarditis. In a case series done by
Puchalski et al., they suggested that obesity may be
partially responsible for post-vaccination myocar-
ditis. This is further supported by the fact that
obesity is a known risk factor for hyperimmune
reactions.”

Lastly, the Spike protein, which is vaccine-enco-
ded, enhances platelet aggregation and granular
secretion, promoting thrombus formation.”’ This
phenomenon primarily affects young women and
has been linked with the AstraZeneca and Johnson
& Johnson Covid-19 vaccines, both of which are
adenoviral vector vaccines.”’” The thrombus thus
formed can lead to myocardial ischemia, causing
myocardial inflammation®

3. Diagnosis and treatment

Myocarditis after COVID-19 vaccines has variable
clinical expression, with symptoms like chest pain,
dyspnea, and palpitations. These symptoms, along
with abnormal tests for example elevated cardiac
troponins, key MRI findings such as myocardial
edema and late gadolinium enhancement,
decreased cardiac function on echo presenting as
increased myocardial wall thickness and echoge-
nicity, impaired global systolic function and
regional wall motion abnormalities, and electrocar-
diogram findings consistent with myocarditis for
example sinus tachycardia, T wave inversion and
diffuse ST-segment elevations play an important
role in its diagnosis.***> These findings could be
confirmed with a biopsy which is not routinely done
due to its invasive nature.”’

Management of vaccine-induced myocarditis de-
pends on the severity of the disease. Patients pre-
senting with myocarditis should be hospitalized for
close monitoring, although supportive care is the
mainstay for treating most patients with improving
medical tests. Moreover, nonsteroidal anti-inflam-
matory drugs, colchicine, and corticosteroids should
be considered for symptomatic patients.”® More
aggressive treatment options are needed for pa-
tients with decreased heart function and arrhyth-
mias, where drugs like angiotensin-converting
enzyme [ACE] inhibitors and beta-blockers become
the cornerstone of treatment.*® Furthermore, re-
striction from exercise and strenuous activities
comprises an important part of management as it
provides time for the heart to recover. Hence,
treatment of COVID-19 vaccine-induced acute
myocarditis involves a combination of rest and

supportive care, along with anti-inflammatory and
heart failure medications, depending on the extent
and severity of the disease.

4. Conclusion

At present, the COVID-19 vaccine seems like the
only solution to this problem of the Coronavirus
pandemic. However, as more time passes, several
studies and the government's vaccine adverse
events monitoring platforms report various adverse
effects that may be seen in certain people after
getting the COVID-19 vaccine. Due to the global
need for developing vaccines against COVID-19 in a
record time, few of these side effects might have
been missed during initial trials due to the
comparatively smaller study sample. Cases of
myocarditis and pericarditis, which is the inflam-
mation of layers of the heart, are being reported in
the United States and some parts of Europe. They
commonly affect young males after the second dose
of the vaccine. A booster dose is also shown to affect
certain people during the first seven days after
receiving the vaccine. The association of the mRNA
vaccine with myocarditis and pericarditis is stronger
than other kinds of available COVID-19 vaccines.
Molecular mimicry between the COVID-19 surface
spike protein and cardiac myocytes, the body's hy-
persensitive response towards viral lipid nano-
particle (LNP) and polyethylene glycol (PEG), and
increased risk of thrombus formation due to spike
protein-mediated platelet aggregation are the three
possible mechanisms behind vaccine-induced
myocarditis and pericarditis. Diagnosis and man-
agement are similar to those of the general popu-
lation with myocarditis without any association with
the COVID-19 vaccine. Lastly, as more vaccines are
being administered with a few countries consid-
ering the fourth dose, cases of this adverse effect
should be addressed promptly to prevent a further
rise in their incidence.
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