The Pediatric Infectious Disease Journal ® Volume 41, Number 1, January 2022

Post-mRNA COVID-19 Vaccination Myopericarditis

on Cardiovascular and Stroke Nursing; Council on Cardiovascular Surgery
and Anesthesia; and Council on Epidemiology and Prevention. Diagnosis,
treatment, and long-term management of kawasaki disease: a Scientific
Statement for Health Professionals From the American Heart Association.
Circulation. 2017;135:€927-€999.

9. Harahsheh AS, Hom LA, Clauss SB, et al. The impact of a designated cardi-
ology team involving telemedicine home monitoring on the care of children
with single-ventricle physiology after norwood palliation. Pediatr Cardiol.
2016;37:899-912.

10. Belay ED, Abrams J, Oster ME, et al. Trends in geographic and temporal
distribution of US children with multisystem inflammatory syndrome dur-
ing the COVID-19 pandemic. JAMA Pediatr. 2021;175:837-845.

APPENDIX

ADDITIONAL MIS-C-TASK FORCE CONTRIBUTORS

Hemalatha Srinivasalu, MD, and Tova Ronis, MD, Divi-
sion of Rheumatology, Children’s National Hospital, Washington,
DC, and Department of Pediatrics, The George Washington Uni-
versity School of Medicine and Health Sciences, Washington, DC;
Anita Krishnan, MD, Division of Cardiology, Children’s National
Hospital, Washington, DC, and Department of Pediatrics, The
George Washington University School of Medicine and Health
Sciences, Washington, DC; Kavita Parikh, MD, and Karen Smith,
MD, Division of Hospitalist Medicine, Children’s National Hos-
pital, Washington, DC, and Department of Pediatrics, The George
Washington University School of Medicine and Health Sciences,
Washington, DC; Meghan Delaney, DO, and Joseph Campos,
PhD, Division of Laboratory Medicine and Pathology, Children’s
National Hospital, Washington, DC, and Department of Pathology,
The George Washington University School of Medicine and Health
Sciences, Washington, DC; Jaclyn N. Kline, MD, Division of Emer-
gency Medicine, Children’s National Hospital, Washington, DC,
and Department of Pediatrics, The George Washington University
School of Medicine and Health Sciences, Washington, DC; Suvankar
Majumdar, MD, Division of Hematology, Children’s National Hos-
pital, Washington, DC, and Department of Pediatrics, The George
Washington University School of Medicine and Health Sciences,
Washington, DC; Sangeeta Sule, MD, Division of Rheumatology,
Children’s National Hospital, Washington, DC, and Department of
Pediatrics, The George Washington University School of Medicine
and Health Sciences, Washington, DC; Jay Pershad, MD, Division
of Emergency Medicine, Children’s National Hospital, Washington,
DC, and Department of Pediatrics, The George Washington Uni-
versity School of Medicine and Health Sciences, Washington, DC;
Michael Bell, MD, Division of Critical Care Medicine, Children’s
National Hospital, Washington, DC, and Department of Pediatrics,
The George Washington University School of Medicine and Health
Sciences, Washington, DC; Charles I. Berul, MD, Division of Car-
diology, Children’s National Hospital, Washington, DC, and Depart-
ment of Pediatrics, The George Washington University School of
Medicine and Health Sciences, Washington, DC.

POPULATION-BASED INCIDENCE OF
MYOPERICARDITIS AFTER COVID-19
VACCINATION IN DANISH ADOLESCENTS

Ulrikka Nygaard, PhD,* Mette Holm, PhD,

Cathrine Bohnstedt, PhD,* Qing Chai, PhD,}

Lisbeth Samso Schmidt, PhD,§ Ulla Birgitte Hartling, PhD, ¥
Jens Jakob Herrche Petersen, PhD,ll Jesper Thaarup, PhD,**
Jesper Bjerre, PhD, 1 Niels Grove Vejlstrup, PhD,*

Klaus Juul, PhD,* and Lone Graff Stensballe, PhD*

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

Abstract: In this prospective nationwide multicenter study from Denmark,
myopericarditis after Pfizer-BioNTech mRNA COVID-19 vaccination was
identified in 13 males and 2 females between May 15 and September 15,
2021, among 133,477 vaccinated males and 127,857 vaccinated females
12—-17 years of age, equaling 97 males and 16 females per million. In
conclusion, the incidence of myopericarditis after COVID-19 vaccination
among males appears higher than reports from the United States.
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yopericarditis is a complication to mRNA COVID-19 vaccines,

especially in male adolescents and young adults.! According
to the US Vaccine Adverse Event Reporting System (VAERS), the
rate of myopericarditis has been reported to be 56—69 per million vac-
cinated males 12—17 years of age and 8-10 per million vaccinated
females 12—17 years of age.! However, as underreporting is a limita-
tion of VAERS, the estimates are encumbered with uncertainty.?

In Denmark, the Pfizer-BioNTech mRNA COVID-19 vacci-
nation was recommended from May 15, 2021, in individuals 1617
years of age and from July 15, 2021, in individuals 12—15 years
of age. We aimed to estimate the incidence of myopericarditis in
adolescents after mRNA COVID-19 vaccination among vaccinated
individuals based on a nationwide prospective population-based
cohort study with detailed clinical phenotyping.

MATERIALS AND METHODS

The study was a prospective population-based cohort study of
all individuals 12—17 years of age hospitalized due to myocarditis and
pericarditis after COVID-19 mRNA vaccination in the period May 15
to September 15, 2021. The setting was a multicenter study including
all 18 Danish Pediatric Departments, providing 24 hours emergency
service, and in- and out-patient treatment for all Danish inhabitants <
17 years of age. As part of a pediatric nationwide COVID-19 research
set-up, all 18 departments had a principal investigator responsible for
prospective real-time data collection of vaccine-associated disease
from May 15, 2021. Cases of myopericarditis were cross checked
with the Danish VAERS to minimize the risk of missing cases. Due to
unusual severity, case 12 has been reported previously.

To calculate the incidence of myopericarditis associated
with mRNA COVID-19 vaccination among Danish adolescents,
the number of individuals 12—17 years of age who had received
1 dose of mRNA COVID-19 vaccine from May 15 to August 15,
2021, was attained from the National COVID-19-vaccine Database
at the Statens Serum Institut.

The incidence of cardiac involvement due to SARS-CoV-2
infection in Danish adolescents 12—17 years of age was calculated
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from our prospective nationwide study of multisystem inflamma-
tory syndrome in children (MIS-C) in Denmark during the COVID-
19 era (March 1, 2020, to 28 February 28, 2021).* The background
incidence of myocarditis in Danish adolescents 12—17 years of age
was calculated using the Danish National Patient Register in 2014—
2018, the pre-COVID-19 era.

Informed adolescent and parental consents were provided
before participation. The study was approved by the Ethics Com-
mittee of Capital Region of Denmark (H-20028631) and the Dan-
ish Data Protection Agency (P-2019-29).

RESULTS

Thirteen (87%) male and 2 (13%) female previous healthy
adolescents were hospitalized with myopericarditis after receiving
Pfizer-BioNTech mRNA COVID-19 vaccination (Table 1). Twelve
(80%) patients had myocarditis or myopericarditis (cases 1-12),
including 1 meeting the criteria for MIS-C after vaccination (MIS-V)
(case 12).3 Three (20%) had pericarditis (cases 13—15). Eight (53%)
patients presented with chest pain after the first vaccine and 7 (47%)
after the second vaccine. Eleven (73%) had fever. Investigations for
differential diagnoses did not reveal viral or bacterial causes. The
patients did not have previous SARS-CoV-2 infection, determined
by history, repetitive PCR investigations, or negative nucleocapsid
antibodies, except case 1 (confirmed by PCR 8 months before) and
8 (confirmed by nucleocapsid antibodies). All patients had resolution
of symptoms with nonsteroidal anti-inflammatory drugs or no treat-
ment, except case 12 who required treatment at intensive care unit.
The median duration of hospitalization was 3 days (1-10).

A total of 133,477 males and 127,857 females 12—17 years
of age had received the first vaccine between May 15 to August 15,
2021. The incidence of myopericarditis among males and females
1217 years of age was 97 and 16 per million, equaling 1 of 10,000
males and 1 in 63,000 females, respectively.

During the first 12 months of the COVID-19 era, 6 males
and 3 females 12—17 years of age with MIS-C and elevated troponin
levels were identified among 16,900 males and 16,044 females
12-17 years of age infected with SARS-CoV-2. This equals 355 and
187 per million male and female adolescents infected with SARS-
CoV-2 (11in 2800 males and 1 in 5300 females), significantly higher
than the incidence of myopericarditis after COVID-19 vaccination
in both males and females (Fisher’s exact test; P < 0.01). During
the pre-COVID-19 era (2014-2018), the monthly incidence of myo-
carditis was 3 males and 0.5 females per million Danish males and
females 12—17 years of age, respectively, equaling 12 males and 2
females per million during a corresponding 4-month period.

DISCUSSION

This study is based on a prospective detailed phenotyping of
myopericarditis cases after Pfizer-BioNTech mRNA COVID vaccina-
tion in the very well registered population of Denmark. Among individu-
als 12—17 years of age, the study revealed an incidence of 97 males and
16 females per million. The incidence among males was higher than the
reported rates until now from the US VAERS by Gargano et al finding
63 cases per million male adolescents 12—17 years of age.! Although that
report was based on 8.9 million vaccinated adolescents, underreporting
is one of the main limitations of this passive surveillance system.'?

The incidences in our study are encumbered with uncer-
tainty due to the small population of Denmark. Further, our inci-
dences may be overestimated due to possible inclusion of cases
unrelated to the vaccine, but occurring in vaccinated adolescents,
since myopericarditis without a known etiology is quite common
among male adolescents.” Such overestimation is expected to be
similar in the reported rates from the US VAERS. We estimated
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the background incidence of myocarditis to be 12 male and 2
female adolescents per million during a four-month period. Thus,
the incidence of mRNA COVID-19 vaccine induced myopericar-
ditis among adolescents is likely to be 10% lower than the reported
incidences.

On the contrary, our incidences may also be underestimated.
First, cases may have gone undiagnosed due to lack of clinical sus-
picion of this new association between vaccination and myopericar-
ditis. Accordingly, 4 patients were initially discharged without evalu-
ation for myocarditis despite chest pain and fever following COVID
vaccination. Second, the inclusion period ended 4 weeks after the
first vaccine. As myopericarditis appears to be more frequent after
the second dose, cases could have been missed if the second dose was
not administered timely. Finally, the incidences could be underesti-
mated if patients were admitted to Departments of Adult Cardiology.
Our research set-up included all Pediatric Departments in Denmark,
but not Departments of Adult Cardiology, as the national guidelines
recommend referral of adolescents with myopericarditis to the 3 Ter-
tiary Pediatric Cardiology Centers in Denmark. Despite, 2 patients
were admitted to Departments of Adult Cardiology and it cannot be
excluded that other patients were admitted likewise, and not included
in the study. However, this is less likely as the cross check with the
Nationwide VAERS, as part of this study, did not reveal additional
cases from Departments of Adult Cardiology.

Studies from the United States have found three-quarters,
or more, to occur after the second vaccine.'® In contrast, our
cases occurred equally after the first and the second vaccine. In 2
patients, myocarditis occurred 5 weeks after the first vaccine, just
before the planned administration of the second vaccine, which was
delayed according to the recommended dose interval of 3 weeks.
Thus, we speculate that myocarditis may occur several weeks after
the first vaccine, independent of the second dose, similar to the time
interval between exposure of SARS-CoV-2 and the development
of MIS-C. However, this hypothesis remains unexplored as most
individuals receive the second vaccines after 3 weeks.

The mild phenotype of myopericarditis cases in our study
were comparable with cases described in other studies,® except
1 patient with myocarditis and MIS-C, who needed treatment at
intensive care unit. This contrasts MIS-C with cardiac involvement
following SARS-CoV-2 infection, where more than half of patients
need treatment at intensive care unit.*’” We found the incidence of
MIS-C with cardiac involvement among SARS-CoV-2 infected ado-
lescents significantly higher than myopericarditis after COVID-19
vaccination in both males and females (355 vs. 97 per million
males and 187 vs. 16 per million females), although both estimates
are encumbered with uncertainty due to the few cases included. Yet,
these incidences may be difficult to compare, as most individuals
are expected to receive the COVID-19 vaccination with a mass vac-
cination strategy, while the total number of adolescents who will
become infected with SARS-CoV-2 may be low in countries with
high vaccination coverage among the adult population.

In conclusion, this population-based prospective study sug-
gests the incidence of myopericarditis in male adolescents to be
higher than previous reported and that more severe phenotypes of
myopericarditis may occur.
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