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According to the Hopkins

almost
212 million people have tested positive
for coronavirus disease 2019 (COVID-
19) worldwide. This has been associated
with 4.4 million deaths as of August 2021.
Severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) infection is
often accompanied by relatively high rates
of myocarditis or pericarditis. Fortunately,
almost 5 billion vaccine doses have been
administered, but large percentages of the
population have not been partially or fully
vaccinated. Certain geographic areas, such
as Africa, have low vaccine penetration.
Since vaccination is the key to controlling
COVID-19, it is crucial to understand po-
tential complications of COVID-19 vac-
cination and the mechanisms by which
they may occur.

As COVID-19 vaccinations
been administered to large popula-

have

tions, myocarditis and pericarditis have
been identified as rare complications of
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mRNA vaccines produced by Pfizer and
Moderna. The Vaccine Adverse Event
Reporting System (VAERS) reported
a rate of 0.41 cases per 100 000 vaccin-
ations based on voluntary reporting of
events [1]. The rate reported among ac-
tive military was 1.9 cases per 100 000
vaccines [2]. A recent report from a
large healthcare system used diagnosis
codes to estimate a rate of 1.0 myocar-
ditis cases and 1.9 pericarditis cases per
100 000 vaccinations [3]. A common
finding among all reports is that the clin-
ical course of vaccine-associated myocar-
ditis and pericarditis generally resolves
within days with treatment in most cases.
It is rarely, if ever, associated with death.
While rare and self-limited, many pa-
tients require hospitalization for man-
agement and to ensure no other cause for
the clinical presentation. Furthermore,
the presence of any, albeit rare, complica-
tion contributes to hesitancy toward vac-
cination in some populations. Therefore,
identifying a model system that clarifies
mechanisms that contribute to vaccine-
associated myocarditis and pericarditis
could improve vaccination rates and
avoid these rare clinical presentations.
For example, in a preprint, Nicolai et al
[4] describe a murine model of an adeno-
viral vector vaccine for COVID-19 using
the ChAdOx1 nCov-19 vaccine that has

been linked to a rare thrombosis with
thrombocytopenia syndrome. They dem-
onstrate that intravenous injection of this
vaccine leads to low platelet counts, clot
formation, and platelet activating PF4-
polyanion antibodies similar to throm-
botic thrombocytopenia.

In this issue of Clinical Infectious
Diseases, Can et al [5] have described an
important and novel murine model of
COVID-19 mRNA vaccination with fea-
tures of myocarditis and pericarditis—
that is, myopericarditis. This murine
model has the potential to provide sig-
nificant insights into the pathogenesis of
myopericarditis after COVID-19 vaccin-
ation via intramuscular and intravenous
routes. For example, the authors demon-
strate in their paper that the inflamma-
tion in the myocardium after intravenous
injection of the vaccine consists primarily
of CD68+ macrophages or histiocytes,
but not CD3+ T lymphocytes. In com-
parison, evaluation of tissue from 2 pa-
tients suspected to have post-COVID-19
mRNA vaccination-related myocarditis
demonstrated T cells and macrophages,
admixed with eosinophils, B cells, and
plasma cells However, the myocarditis in
those cases was only temporally associ-
ated with the vaccine [6]. Since it is not
common to obtain tissue in post-vaccine
myopericarditis and since causality can be
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challenging in isolated clinical cases, the
histological information from the mouse
model gives valuable insight into the
mechanisms of post-vaccine-mediated
inflammation. Notably, COVID-19-in-
duced murine myocarditis is also associ-
ated with macrophage infiltration instead
of the T-cell infiltration typically associ-
ated with viral myocarditis. Furthermore,
the data presented document the patterns
of cytokine induction that occur with
COVID-19 vaccination in the mouse and
the differences that occur over time with
intramuscular compared with intravenous
injection. This murine model will allow
activation and inhibition of specific pro-
teins in the inflammatory cascade using
novel therapies or disruption of relevant
genes through knockout strategies to de-
termine the effect on myopericarditis.

It is important to note that future ap-
plications of the murine model system
will likely require further investigation
into how well this model represents the
rare complication of myopericarditis fol-
lowing COVID-19 mRNA vaccination in
humans. For example, it is often challen-
ging to correlate the dose of a drug when
adjusted to body weight between a small
mouse and a much larger human. In this
case, the mouse received 0.25 ug per gram
weight. The Pfizer mRNA vaccine dose in
humans is 0.4 X 107 pg per gram for a
70-kg person. Additional investigation
will also be needed to determine the effect
of murine strain in the model system of
myopericarditis. This is particularly true
since Balb/c mice, used in the study by
Can et al, have a propensity to develop
cardiac calcinosis [7]. Epicardial calcifi-
cation was one of the outcomes observed
in the vaccinated mice. Calcification of
the pericardium is a finding typically ob-
served in chronic, constrictive pericardial
disease in humans.

One of the major conclusions by Can
et al relates to differences in the severity
of myopericarditis with intravenous in-

jection compared with intramuscular

injection of the vaccine. They dem-
onstrated that intravenous injection
of the COVID-19 mRNA vaccine in-
creased the severity of vaccine-induced
myopericarditis compared with intra-
muscular injection. Given the increased
severity of myopericarditis following
intravenous injection of the vaccine, the
authors extend these observations to pro-
pose that the rare injection of a vaccine
into a vein during planned intramuscular
injection could contribute to the onset
of myopericarditis. This is a relevant
question since it is generally not recom-
mended that a person administering the
COVID-19 mRNA vaccine aspirate be-
fore injecting it into the deltoid muscle.

The concern about accidental intra-
venous injection during an intended
intramuscular injection has been exten-
sively studied [8]. Aspiration for a few
seconds before injecting the intended
drug is a way to avoid accidental intra-
venous injection. Most healthcare or-
ganizations conclude that the risk of any
complication associated with the acci-
dental intravenous injection is low since
there have not been significant complica-
tions when the injection occurs without
aspiration. Furthermore, it is often
pointed out that there are not a plethora
of vascular structures in the area of injec-
tion in the deltoid muscle. Most organ-
izations, such as the Centers for Disease
Control and Prevention and the World
Health Organization, do not recommend
aspiration before injection, citing in-
creased pain as a primary reason.

Finally, the data described in the murine
model of myopericarditis reinforce the
safety of COVID-19 mRNA vaccination.
Despite a small difference in weight after
vaccination, they report that the mice
maintained their healthy appearance and
activity with intramuscular or intravenous
injection. In addition, even with intra-
venous injection and the identification
of inflammatory heart disease, there was
no report of increased death in the mice

during the study. Furthermore, with intra-
muscular and intravenous administration
of the vaccine, the amount of the mRNA
transcription—polymerase
chain reaction in tissue falls precipitously

by reverse

within days of the injection. It is near base-
line by 14 days. These findings support the
concept that the severe risks of COVID-
19, including the complications of myo-
carditis and pericarditis, are far greater
than the small risk of myopericarditis after
the COVID-19 vaccination.

Does accidental intravenous injection
of the COVID-19 mRNA contribute to
the rare incidence of myopericarditis?
The data presented suggest that it is
plausible and that it would be appropriate
to consider further. However, the rare in-
cidence of myopericarditis after vaccin-
ation will make it challenging to design a
definitive study in humans.
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