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Abstract

Aim: Myopericarditis after COVID-19 vaccination were the most serious adverse
events reported in children over 5years of age. We want to summarise these cases,
describing their incidence, clinical features, diagnostic pathways, therapeutic strate-
gies and outcome.

Methods: A systematic review of the literature was conducted until 20 March 2022
by bibliographic electronic databases. We included all reports of post-vaccination
myopericarditis in children aged between 5 and 18years.

Results: All reported cases had elevated serum Troponin levels, associated with elec-
trocardiogram changes, but often with normal echocardiogram. Cardiac magnetic
resonance images always showed typical alterations. The pathogenetic mechanism is
still unknown. Myocarditis following post-COVID vaccination is more frequent in boys
with an average age of about 15years. Treatment involves the usage of non-steroidal
anti-inflammatory drugs, and the average hospitalisation is about 3days. The long-
term consequences are not yet known, so these patients should be studied in a car-
diological follow-up and abstention from physical activity should be recommended.
Conclusion: The benefits of COVID-19 vaccination in children and adolescents ap-
pear to outweigh the risk of developing post-vaccination myopericarditis. We can also
speculate a possible approval of vaccination in children under 5years for the coming

winter.
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1 | INTRODUCTION

Since the beginning of the COVID-19 global pandemic, researchers
have been evaluating the prevalence of this disease among children,
its clinical presentation and long-term consequences. Early 2022 saw
a dramatic increase in COVID-19 paediatric cases not only due to the
spread of the Omicron variant, which presents high infectivity because
of extensive mutations in the spike protein, but also due to lower vac-
cination rates in paediatric patients compared with adults.! According
to the American Academy of Paediatrics, by 10 February 2022, 12.34
million cases among children in the United States had been reported.
These represented 19% of all COVID-19 cases, with a rate of hospitali-
sations ranging from 0.1% to 1.5%.2 By December 2020, the U.S. Food
and Drug Administration (FDA) issued an emergency use authorisa-
tion for the Pfizer-BioNTech COVID-19 messenger RNA (mRNA) vac-
cine in prevention of COVID-19 for individuals aged 216years.3 By
May 2021, first the FDA and then also the European Union medicines
regulator Agency (EMA) extended the emergency use authorisation
for this vaccine to children aged =12years.>* As reported by prelimi-
nary studies, Pfizer-BioNTech vaccine has a 95% efficacy in preventing
COVID-19 disease in people 16years of age or older.” By November
2021, EMA extended the authorisation for the COVID-19 vaccination
to children aged >5years.® According to Centers for Disease Control
and Prevention (CDC) updated reports, by 03 April 2022 in United
States, 74% of children aged 12-17years and 69.7% of children aged
5-11years were fully vaccinated; instead, 86.7% of children aged 12-
17 years and 81.9% of children aged 5-11years received at least one
dose of COVID-19 vaccination.” From available data about safety, the
most common non-serious adverse events reported after vaccination
in paediatric population were injection site pain, swelling and redness,
fatigue, malaise, headache, myalgia, arthralgia, fever, lymphadenopa-
thy and chest pain.® In addition, the most common emergent serious
adverse event detected in post-authorisation safety monitoring was
the risk of myopericarditis.3*8

Myocarditis is defined as an inflammatory process involving the
myocardium, caused by infections, mainly viral, immune-mediated
and toxic etiologies.” Clinical presentation of myocarditis includes
chest pain, fever, palpitation, tachycardia, shortness of breath, fa-
tigue, nausea, vomiting, abdominal pain and oedema. The laboratory
tests used include serum concentrations of inflammatory markers
and cardiac biomarkers, electrocardiogram, echocardiogram, cardiac
magnetic resonance imaging (MRI), serologic testing to detect any
viral infections. The diagnosis is confirmed by endomyocardial bi-
opsy, which should show acute myocyte injury with inflammatory
cells infiltration.'® Instead, pericarditis is an inflammatory process
involving the pericardium; it may present clinically as acute or recur-
rent pericarditis, pericardial effusion without major hemodynamic
compromise, cardiac tamponade or constrictive pericarditis. In ad-
dition, features of myocarditis and pericarditis may overlap in many
patients and present as myopericarditis.** Given the alarm caused by
the reporting of these adverse events, the aim of our review was to
summarise the cases of myopericarditis after COVID-19 vaccination
in paediatric patients and describe its incidence, clinical features, di-
agnostic pathways, therapeutic strategies and outcome.

Key Notes

e Myopericarditis after COVID-19 vaccination were the
most severe adverse event reported in children over
5years old.

e The benefits of COVID-19 vaccination in children and
adolescents appear to outweigh the risk of developing
post-vaccination myopericarditis.

e Based on ongoing clinical trials, we can assume a pos-
sible approval of COVID-19 vaccination in children aged
6months to 5years for the coming winter.

2 | METHODS

The literature review was conducted until 20 March 2022 by elec-
tronic databases including PubMed, Scopus and EMBASE. The pre-
ferred reporting items for systematic reviews and meta-Analysis
guided the search.}? The keywords used to search the electronic da-
tabases were as follows: ‘myocarditis’ OR ‘pericarditis’ OR ‘myoperi-
carditis’ AND ‘COVID-19 vaccination’ OR ‘SARS-CoV-2 vaccination’.

The search was limited to English language papers reporting
cases of myopericarditis after COVID-19 vaccination in paediatric
patients, aged between 5 and 18years.

We used inclusion and exclusion criteria to choose suitable
papers for the review. We included papers with: children aged
5-18years with a diagnosis of myopericarditis; cases of myopericar-
ditis secondary to vaccination for SARS-CoV-2; cases of myopericar-
ditis for which all other etiologies had been excluded. We excluded
the following: non-English language articles, studies in which the
results included patients older than 18 years, reviews, meta-analysis,
letters to editor, commentaries and not available papers. No restric-
tions were applied on gender or country.

We selected case series, case reports, observational studies
including cross-sectional and retrospective/prospective cohorts. A
single author (LM) rigorously applied the inclusion/exclusion criteria
mentioned above, assessing the abstracts of the papers, to decide
whether a paper was suitable for full review. Subsequently, each
paper meeting the inclusion criteria was analysed in full by two au-
thors (RM and AC). Of the selected studies, we collected the epide-
miological and clinical data, including age, sex, symptoms and signs,

laboratory findings, instrumental exams, treatment and outcome.

3 | RESULTS

3.1 | Study selection

During the screening phase, we found 319 papers. Of these, we
excluded the following: 131 concerning patients with age over
18years, 13 observational studies including both adolescent and
adult patients, 64 not relevant, 24 reviews, 2 meta-analyses, 13 edi-
torials, 18 letters to editor, 11 comments, 6 non- English papers, 9
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not available and 1 withdrawn. The inclusion criteria were met by
twenty-seven papers that were systematically analysed. These com-
prised 7 paediatric case reports, 6 paediatric case series, 6 mixed
case series including both adults and children of which we only ana-
lysed cases <18years, 1 prospective study, 1 cross-sectional study, 2
cohort studies and 4 retrospective studies.

The detailed summary of the literature search is showed in
Figure 1. The characteristics of all included studies are summarised
in Table S1.

3.2 | Study characteristics and demographics data

Of the 27 studies included in our systematic review, 8 were ob-
servational studies while 19 were case reports and case series. In
particular, we included the following: 7 paediatric case reports,“’19
6 paediatric case series,?%2> 6 mixed case series, including both
adolescent and adult patients in which we collected only cases
<18years.2"3! Analysing all these reports, we summarised cases
of hospitalised myocarditis following COVID-19 vaccination among
adolescents. We reported fifty-seven cases with age range from 12
to 18years, of which fifty-five (96.5%) were boys, only two girls.
White, Asian and Hispanic patients were described. All patients in-
cluded were previously healthy except five cases: one with Marfan
syndrome, one with history of attention-deficit hyperactivity disor-
der and mild intermittent asthma, one with Von Willebrand disease,

anxiety disorder and Lennox-Gastaut syndrome, one suffering from
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vitiligo and one with obesity, insulin resistance and dyslipidemia.
Fifty-two (91.2%) cases occurred after the second dose of vaccinal
cycle, only 5 cases after first dose. About symptoms, all patients
reported chest pain—in five cases radiated to the left arm—and
21 (36.8%) patients presented fever; other possible experienced
symptoms were palpitation, nausea, vomiting, dyspnoea, cough-
ing, diarrhoea, headache, myalgia, fatigue, abdominal pain and sore
throat. Physical examination was often normal, only in two cases
was detected tachycardia. Blood pressure and oxygen saturation
were normal. Regarding laboratory findings, we observed that in all
reports analysed Troponin T serum concentrations was elevated,
while NT-proBNP was high only in eight (14%) cases. C-reactive
protein were elevated in 14 cases, erythrocyte sedimentation rate
in three cases. The most common electrocardiogram alteration was
diffuse or left-lead ST segment elevation; other possible pathologi-
cal described findings were ST segment depression or non-specific
ST segment changes, T-wave inversion or T- abnormality, left axial
deviation, RSR’ pattern in V1, atrioventricular dissociation with junc-
tional escape and intraventricular conduction delay. About radio-
logical findings, chest X-ray performed in 8 cases (14%) was normal.
Echocardiography showed small pericardial effusion in only 4 cases
and borderline or mild depressed left ventricular systolic function in
15 cases. In only one case, a mitral and aortic valve insufficiency was
documented. Coronary computed tomography angiogram, when
performed, showed normal coronary origins and no anomalies. It is
interesting to note that all cardiac MRIs performed were abnormal

and showed myocardial oedema and late gadolinium enhancement

c
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=
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compatible with myocarditis. Endomyocardial biopsy has never been
performed. The following anomalies were detected on telemetry:
occasional isolated premature ventricular contractions, episode of
monomorphic ventricular tachycardia, runs of irregular polymor-
phic ventricular tachycardia and sinus bradycardia during sleep.
About therapy, the most used pharmacologic treatments were non-
steroidal anti-inflammatory drugs (NSAIDs), followed by intravenous
immunoglobulins and steroids. One patient, due to suspected ST
segment elevation myocardial infarction, was treated with aspirin,
sublingual nitroglycerin and intravenous diltiazem.*® One patient,
after brief episodes of non-sustained ventricular tachycardia, re-
ceived metoprolol succinate and colchicine.’° One left heart failure
case was treated with ACE-inhibitor and B-blocker.?” Furosemide
was only used in one case.??2 However, most cases were self-limited
and the duration of hospitalisation ranged from 3 to 7 days. All pa-
tients were discharged with cardiological follow-up and abstention
from physical activity.

In addition to the previous clinical case report/series described,
prospective, retrospective, cohort and cross-sectional studies on
Sars-Cov-2 vaccination myopericarditis in children and adoles-
cents were also available in the literature. Two studies analysed
myopericarditis cases in adolescents through the vaccine adverse
event reporting system of the United States (US).*%33 This is a pas-
sive vaccine safety surveillance system co-managed by CDC and
FDA that monitors adverse events after vaccinations. From 14
December 2020 to 16 July 2021, myocarditis was listed among
4.3% (397) of all vaccine adverse event reports. It was more com-
mon in boys and after the second dose. The hospitalisation rate
among boys between 12 and 17years was 87%.%2 The resulting
risk-benefit assessment supported paediatric vaccination strate-
gies for protection against COVID-19 disease, continuing to rec-
ommend the Pfizer-BioNTech COVID-19 vaccine for all people
aged over 12years.32 Subsequently, a prospective multicenter
study, conducted between May and September 2021, including
18 Danish Paediatric Departments, showed 15 cases of patients
between 12 and 17years of age hospitalised for myopericarditis
after COVID-19 mRNA vaccination. Among them, 13 (86.7%) were
boys, 8 patients were hospitalised after the first dose and 7 after
the second dose. The incidence of myopericarditis among Danish
adolescents was 97 and 16 per million, equaling 1 of 10,000 boys
and 1 in 63,000 girls, respectively.®*

Also, Das et al in a U.S. cross-sectional study identified 25 ado-
lescents aged 12-18years old, with probable myopericarditis after
COVID-19 vaccination. Among them, twenty-two (88%) were boys,
and in 22 (88%), myopericarditis occurred after the second dose of
the mMRNA COVID-19 vaccine. Approximately two-thirds of patients
underwent cardiac MRI, which revealed evidence of myocardial in-
flammation despite a lack of echocardiographic abnormalities. All
cases of myopericarditis after the mMRNA COVID-19 vaccination tend
to be mild and transient and improved after NSAIDs therapy.®®

A Chinese study including all vaccinated adolescents aged be-
tween 12 and 17 years found 33 patients who developed acute my-
opericarditis. Among them, 29 (87.88%) were boys, with a median

age of 15.3years, and 27 patients (81.82%) developed myoperi-
carditis after receiving the second dose vaccination. All reported
cases were mild and required only conservative management.36 An
interesting pharmacovigilance analysis reviewing all reports with
mRNA COVID-19 vaccines recorded Vigibase and the World Health
Organisation (WHO) global individual case safety reports (ICSRs) da-
tabase showed that among 4942 report analysed, 49 were pericar-
ditis, 191 myocarditis and 2 myopericarditis.>” Compared with the
first dose of mMRNA COVID-19 vaccines, the second dose was asso-
ciated with an increased risk of myopericarditis. In addition, the risk
of myopericarditis was 10 times higher in boys than in girls, but no
differences were found comparing different age groups (12-15 vs.
16-17 years). Reports of myopericarditis came mostly from Germany
(24%), followed by France (17%) and ltaly (10%). Besides, Schauer
et al®® in their retrospective study, analysed all patients aged under
18years presenting with severe chest pain and signs of myoperi-
carditis within 1week after the second dose of COVID-19 vaccine.
The authors identified 13 patients with myopericarditis, with a me-
dian age of 15.1years (range 12-17 years). Most patients were boys
(n =12; 92%), and non-Hispanic (n = 10; 76.9%). The median time to
presentation from the second dose of the COVID-19 mRNA vaccine
was 3days. All patients had an elevated serum Troponin level. Nine
patients had an abnormal electrocardiogram, with ST segment eleva-
tion. All patients underwent echocardiography on admission, show-
ing a normal left ventricular (LV) systolic function in 11 patients; only
2 demonstrated mildly reduced LV systolic function and regional LV
wall motion abnormalities. No patients had significant pericardial
effusion. All cardiac MRIs performed were abnormal, showing late
gadolinium enhancement evidence of myocardial inflammation and
oedema and met the Lake Louise criteria for myocarditis. The treat-
ment included the use of NSAIDs in all patients; however, two also
received corticosteroids and 3 intravenous immunoglobulins. The
median hospital length of stay was 2days (range, 1-4days) with no
intensive care unit admission, significant morbidity, or mortality.38

Again, Choe et al® in their retrospective study of surveillance
within the Korean education system to determine the effectiveness
of BNT162b2 mRNA COVID-19 vaccine in adolescents, reported a
rate for myopericarditis of 1.8 per 100,000 (95% ClI 0.8-3.5) among
first-dose recipients and 4.3 per 100,000 (95% Cl 2.6-6.7) in second-
dose recipients.39

4 | DISCUSSION

Myopericarditis as adverse event has already been described fol-
lowing the usage of other vaccines. For example, vaccine-associated
myopericarditis following smallpox vaccination presented an inci-
dence of 0.01%.%° Other vaccines associated with myopericarditis
were Haemophilus influenzae type B and hepatitis B.*! As emerged
from our research, it is difficult to establish exactly the prevalence of
this adverse event after COVID-19 vaccination in paediatric popula-
tion. However, this systematic review of scientific literature showed
that COVID-19 vaccine-associated myopericarditis is a rare and
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mild adverse event, which resolves clinically within a few days. As
reported by all the analysed studies, the mean age of myopericar-
ditis presentation was 15years, it was most common in boys than
in girls, and after the second dose of vaccinal cycle, with a mean
time between the injection and the clinical manifestations of about
3days. The main symptom reported was chest pain, sometimes ir-
radiated to the left arm. Objective examination was often nor-
mal, but serum concentration of Troponin T was always elevated.
Electrocardiographic changes were frequent; the most common
pathological findings were ST segment alterations. Echocardiogram
was normal, so a negative examination was not enough to exclude
a diagnosis of myopericarditis. The available literature showed that
cardiac MRl appeared very sensitive in detecting vaccine-associated
cardiac injury. Regarding therapies, most of patients fully recover
after a treatment with NSAIDs. The role of corticosteroids and in-
travenous immunoglobulin remains unclear, but these agents could
decrease the immune response triggered by the vaccine and may
have a role in NSAID-unresponsive patients.>>

The underlying relationship between mRNA COVID-19 vacci-
nation and myopericarditis has not been identified yet, and no risk
factors have been reported in the studies we analysed. However,
Park et al hypothesised that this pathological process was related
to the immune response triggered by the vaccine in a genetically

susceptible host.?!

As the host generated antibodies against the
viral particle assembled in response to the mRNA vaccine, the anti-
bodies might cross-react with surface antibodies on the cardiomyo-
cytes resulting in an inflammatory reaction with cell damage.21 This
cell damage, manifesting as focal patchy myocarditis, caused the ST
segment elevation and chest pain.?! Marshall et al speculated that
myopericarditis could be an additional rare adverse event related to
systemic reactogenicity greater in children than in adults.?? Similarly,
Schauer et al assumed that myocarditis could be the consequence
of a hyperimmune response to the second dose of the vaccine.®® In
fact, children have demonstrated a more robust immune response
to SARS-CoV-2 infections than adults, as observed in multisystem
inflammatory syndrome (MISC).%® Finally, Gill et al after a cardiac
autopsy observed that myocardial injury seen in post-vaccine hearts
was different from typical myocarditis and had an appearance most
closely resembling a catecholamine-mediated stress (toxic) car-
diomyopathy.42 However, despite these speculations currently, no
causal association has been established between COVID-19 vaccine
and myopericarditis.

From our point of view, it is necessary for healthcare providers
to consider myopericarditis in all adolescents complaining about
chest pain after COVID-19 vaccination. However, it is mandatory
to exclude all other etiologies of myocarditis disease in young pa-
tients (viruses and toxins) before considering myocarditis as related
to COVID-19 vaccination. The long-term consequences of these
adverse events are not yet known, so these patients should be sys-
tematically evaluated and studied in a follow-up setting including a
cardiological evaluation. In addition, abstention from physical activ-

ity should always be recommended until cardiological authorisation.
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In conclusion, the adverse events post-COVID-19 vaccination
are rare and the cardiac involvement in case of acute SARS-CoV-2
infection and eventually MISC could be much more serious and
life-threating. Data from 40 healthcare systems participating
in a large network found that the risk of cardiac complications
was significantly higher after SARS-CoV-2 infection than after
mRNA COVID-19 vaccination for both male patients and female
patients in all age groups.*® About public health, as emerged by
the data we reported and according to CDC, the benefits com-
ing from vaccination are higher that the risk of developing my-
opericarditis. Some interesting food for thought concerns how
to report adverse events after vaccination. Currently, the most
common method is self and voluntary reporting through specific
surveillance platforms. Considering the large number of subjects
involved in vaccination campaigns, active pharmacovigilance
systems seem difficult to apply. About future prospective, clin-
ical trials evaluating the use of vaccines against SARS-CoV-2 in
children under 5years are ongoing. In particular, Moderna® and
Pfizer-BioNTech® are conducting studies about safety, tolerabil-
ity and immunogenicity of COVID-19 vaccine in children 6 months
to under 5years of age.‘m'45 Many adverse events were mild
or moderate and more frequent after the second dose. Among
them, fever greater than 38°C was the most common. No deaths,
no myocarditis or pericarditis and no MIS-C were reported.
Therefore, we can speculate a possible approval of vaccination in

children under 5years of age for the coming winter.
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